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Heat shock proteins (HSPs) are groups of proteins which perform an adaptive 
function in organisms against detrimental stress (especially hyperthermic stress). 
HSP70 family is one of the most well-known group ofHSPs. It is characterized by its 
highly conservative amino acid and DNA sequence among organisms in diverse taxa 
OLindquist, 1986; Lindquist and Craig, 1988). Induction of HSP70 as a stress 
response has been documented intensively. Stressors including exposure to heat, 
heavy metals, alcohol, free radicals, and other proteotoxic inducers have been reported 
(Craig, 1985; Koban et al., 1987; Craig and Gross, 1991; Delmas et al., 1995; Jindal, 
1996; Vollemy, 1996). Thus, HSP70 is suggested as a biomarker to indicate the 
environmental quality and to assess the stress impact on organisms. In this thesis, the 
induction of HSP70 in seabream, Sparus sarba is characterized. The thesis aims to 
illustrate firstly the pattern ofHSP70 induction in fish subjected to thermal stress, and 
secondly the seasonal variation of HSP70 level and associated physiological changes. 
Sensitivity of these parameters to transportation stress was evaluated. Thirdly, the 
私-• 
plausible relationship between HSP70 regulation and neuro-endocrine activity in fish 
was investigated. ‘ 
M 
In the in vitro study of thermal stress, a consensus threshold induction of 
HSP70 was found at 32�C in isolated blood cells offish acclimated to 18，20 and 26�C. 
Similar results were demonstrated in the in vivo thermal challenge on 20°C-acclimated 
fish. No induction was observed in the groups ofblood cells subjected to 4�C- or 8�C-
hypothermic stress. As shown by immunoblotting analysis, HSP70 production in 
blood cells subjected 32°C-hyperthermic stress peaked at around 1 to 2 hours post-
XV 
stress. It coincided with the peak of de novo synthesis of a 70 kDa protein in ^^S-
methionine labelling analysis. The pre-set threshold induction temperature rather than 
the absolute temperature difference was suggested to be the determining factor of 
HSP70 induction in blood cells of seabream. 
The HSP70 content in blood cells of fish sampled in August (29°C), October 
(25°C), December (16°C) and February of the next year (16�C) did not exhibit a 
marked seasonal change. There was no seasonal variation of serum cortisol level as 
well. However, serum glucose levels exhibited seasonal variations with a peak in 
October. On the other hand, all these entities were discovered to be responsive to 
transportation stress. However, the induction of HSP70 content after transportation 
stress was found only in August. The exact reason for this observation remains 
unknown. 
Cortisol, the synthetic corticosteroid dexamethasone and adrenaline were 
potent in the in vitro stimulation ofHSP70 induction in blood cells. The results in in ^--
vivo hormone injection were, however, anomalous. No established theory can shed 
light on these findings. A hypothetical regulatory mechanism of HSP70 synthesis 
through hormone-receptor mediation was proposed. Nonetheless, it was discovered in , 
this study that, at least, stress hormones were closely related to the regulation of 
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The use of HSP70 as a biomarker in aquatic environmental supervision has 
been widely suggested. However, characteristics ofHSP70 including its induction, the 
basal level and the related regulatory mechanism in fish has remained largely unknown. 
Therefore, in this research study, I am going to illustrate the details about the effect of 
stress and hormonal factors on the induction of stress protein HSP70 in seabream, 
Sparus sarba. To start with my study, in Chapter 3，I have attended to the 
characterization ofHSP70 induction in seabream. By the in vitro and in vivo thermal 
challenges, induction of HSP70 in the isolated blood cells were described. The time 
course and induction profile of HSP70 were attended. In the meantime, induction of 
HSP70 in effect of acclimation temperature of fish, absolute temperature difference 
during thermal stress challenge and the threshold induction temperature ofHSP70 as 
well were discussed in this chapter. 
In Chapter 4，focus has been put on the seasonal variation ofHSP70 content in 
fish. It is an important and valuable investigation since the conclusion from this study *^ --
has provided new insight for the interpretation of existing non-natural stressors in 
¥ 
environment with the use of HSP70 as a biomarker. Furthermore, data from the 
HSP70 content measurement can be used as a reference of basal HSP70 level in fish 
during environmental assessment. Besides, I investigated also the HSP70 synthesis in 
fish after transportation stress. This is the first research to consider the plausible 
induction response of HSP70 in fish in related to the non-proteotoxic stress. The 




In Chapter 5, I have tried to correlate the production of HSP70 with the 
presence of stress hormones in fish. The novel information obtained from my 
investigation is amazing while the postulation of a hypothetical regulation mechanism 
of HSP70 by hormonal mediation were suggested. This is a great step forward to 
illustrate the plausible regulation of HSP70 synthesis controlled by the activity of 
neuro-endocrine axis. 
All in all, according to the data obtained from these three chapters, stress-
induced production of HSP70, its basal level in different seasons and the plausible 
modulation of HSP70 by stress hormones were finally revised. Fundamentals about 
V 
HSP70 production in fish was expectedly established. Finally, all these information 
can form a relevant basis to comment the practical use of HSP70 as a biomarker in 
aquatic environmental assessment. 
Introduction on the Fish Used in this Research Study 
In my research study, golden-line seabream Sparus sarba were employed as a 
model. It shares the same family of Sparidae with its related species including black 
私..-
seabream {Mylio macrocephalus), red seabream {Chrysophyrs major) and gilthead 
seabream {Sparus aurata). Generally speaking, the preferable habitats of sparids are 
the temperate and subtropical waters. Rearing of sparids is popular in southeast Asia, , 
Japan and the Mediterranean region. Hong Kong is a sub-tropical area situated on the 
marginal latitude for the seabream rearing. However, golden-line seabream is still one 
of the common food fish in Hong Kong while it is available from fish farm throughout 
the year. 
Morphological features of Sparus sarba was shown as Fig. A. Its body is 
laterally-compressed with spined dorsal fin, anal fin, soft rayed ventral fins, pectoral fin 
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and a forked tail fin. The feeding habit of sparids is mainly carnivorous. It bears 
strong incisors and molars for the crushing of food such as mollusc, crustacean and 
small fish (Smith and Smith, 1991). 
Study on the physiology of Sparus aurata and Chrysophyrs major has been 
attended in many previous researches. Similar investigation in Sparus sarba, however, 
is few. In my master research, Sparus sarba was employed as a model with the 
consideration of its local popularity, availability and the establishment of fish 
maintenance in laboratory scale. Intentionally, by this selected species, the general 






Fig.A Golden-Une seabream, Sparus sarba, the 
experimental fish used in this research study. 
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Chapter 1: Literature review on biomarker of stress in teIeosts 
Biomarker is a concept in environmental management by which the extent of 
biohazard in living organisms due to pollution can be assessed. Also, it is an index to 
illustrate the degradation of an environment being studied. It can be a parameter of an 
organism at any level of biological organization which ranges from molecular, 
physiological, behavioral to the ecological level (Bayne, 1985, Adams, 1990). To 
choose an appropriate biomarker, we must consider different aspects. The chosen 
biomarker should be responsive to the detrimental changes, easy to detect and 
estimate. More important, any qualitative or quantitative change of this biomarker 
must be functionally significant to ascertain the survival and continuity of organisms 
before any large scale ecologically breakdown occurs (Thomas, 1990). 
Subtle changes in the aquatic environment, either natural or anthropogenic can 
be a source of stress to fish as well as other aquatic organisms (Wedemeyer et al., 
1984). These stressors can induce molecular and biochemical changes, while 
和，.• 
secondarily affect the physiology and performance capacity in fish. The stress, 
therefore, can be <|uantified and thus assessed by the various biochemical or 
physiological changes (Wedemeyer and McLeay, 1981). Alterations in any one of , 
these biotic organization levels is known as a biological indicator of stress. 
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1.1 Definition of stress 
Generally speaking, the source of stress can be separated as natural or 
anthropogenic (Fig. 1.1). Diumal and seasonal fluctuations in temperature, salinity, 
dissolved oxygen and pH value of water are good examples of natural stress in aquatic 
environment. (Wedemeyer et al., 1984) However, perturbations due to human 
activities are the more pronounced factors which can lead to disturbance in the aquatic 
environment. Pollutants can come from various industries and include heavy metals 
(Sabourin et cd., 1985; Hamilton and Merhle, 1986; Payne et al., 1987), aromatic or 
halogenated compounds (Bulger and Kupfer, 1985). Nitrogenous wastes usually come 
from domestic sewage . These pollutants are toxic to organisms and thus are termed 
"stressors" (Thomas, 1990). 
Stress can be defined as a collection of physiological responses in animals in 
order to restore homeostasis after disturbance from stressors or environmental 
alternations (Wedemeyer and McLeay, 1981). These changes can be adaptive acute 
和-• 
responses, or irreversible impairment causing mortality, if the impairment is beyond the 
limit of tolerance (Carmichael, 1984; Barton etal., 1986). For acute stress, short-term 
responses appear as lower level responses such as molecular and biochemical changes. 
^ 
It is considered adaptive since metabolism in the animals will be reset to a new steady 
state. Until a more subtle and chronic exposure to stress occurs, the effect will spread 
from a lower level to an upper one. In other words, an organism under stress will 
operate in a different way from the subcellular level of biological organization to the 
higher levels like population and ecosystem levels. In this case, failure in 
reproduction, growth, disease resistance and other vital functions can be observed. 
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This can, in tum, lower the survivorship and continuity of species. The recruitment for 
maintenance of population size is deterred. If this is continued on a long-term basis, 
the related web of ecosystem will be upset. 
1. 2 Classification of stress indicators 
By and large, stress indicators can be categorized according to their levels of 
biological organization as primary, secondary or tertiary (Fig. 1.2). The functional 
Ointer-relatedness among these stress indicators in an organism must be recognized 
before we use it. Interpretation of the stress effect by selective indicator(s) is valid 
only if we can show the causal linkage between the stress indicators and the responses 
derived. 
1.2.1 Primary stress indicators 
Upon exposure to acute or chronic stress, the initial responses of an organism 
和-. 
are changes at the molecular and biochemical levels. In case of long-term exposure to 
sub-lethal stressor, perturbations of these primary indicators from the lower to higher 
levels ofbiological organization can be expected. Since the response of primary stress , 
indicators is rapid and dose-dependent, their use as bioindicators has been suggested 
(Thomas, 1990). 
1.2.1.1 Molecular stress indicators 
Two stress indicators at the molecular level are the formation of DNA adducts 
and the frequency of strand breakage. The former is a complex formation of DNA 
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with possibly, the derivatives of xenobiotics in the cell. This adduct is supposed to be 
responsible for the carcinogenic efFect, probably in those susceptible species (Varanasi 
et cd, 1987; Bailey et al, 1987). Previous studies on the exposure to xenobiotics had 
documented its correlation with subsequent tumorogenesis and carcinogenesis in some 
species of fish (Varanasi et al., 1987; McMahon et al., 1988; Shugart, 1988). In 
addition to their persistent dose-response relationship, these findings provided an 
explanation for the incidents of tumor in fish upon encountering the stressors. 
The frequency of DNA strand breakage is another molecular stress indicator 
which is claimed to be a promising index for subsequent damages at higher levels of 
biological organization. Xenobiotics render the cleavage on alkaili-sensitive apurinic 
sites of single-strand (Zahn et al, 1985; Shugart, 1988). Though this phenomenon is 
dose related, the recovery rate is too high to be interpreted as an indicator for long-
term stress (Shugart, 1988) 
Since these two biological indicators are responsible for a few types of 
stressors, their use is limited but specific. To date, however, a relationship between 
the alterations of these stress indicators at molecular level with the possible influences 
和 -
in the higher biotic organizational level is not fully established. Further research on a 
better understanding of the mechanisms of action is urgently needed. 
, 
1.2.1.2 Hormonal stress indicators 
(I) Corticosteroid 
Corticosteroid is a well-known indicator of stress in vertebrates, as well as 
teleosts. In the latter group, the production of the main corticosteroid, cortisol, is 
controlled by the hypothalamus-pituitary-interrenal (HPI) axis (Donaldson, 1981; 
Barton and Iwama, 1991). It is a cascade system starting with the signal from 
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hypothalamus. A peptide, corticotropin-releasing factor (CRF) is delivered from the 
hypothalamus to the anterior pituitary and induces the production of 
adrenocorticotrophic hormone (ACTH). Secretion of ACTH flows via bloodstream 
circulation to the interrenal tissue and thus cortisol production is stimulated. 
With the increased amount of cortisol being released into the bloodstream, a 
list of biochemical alterations follow. Variables relevant to glucose metabolism, 
osmoregulatory function, growth, immunocompetence and reproduction are subjected 
to change (McLeay 1977; Wedemeyer and McLeay, 1981; Davis et al., 1985; 
Pickering and Pottinger, 1985 and 1989; Carragher et al., 1989). By measuring the 
circulatory cortisol level in fish, the magnitude of the stress received can be estimated. 
The level of serum cortisol in fish at rest stage ranges normally between 2-42 
ng/ml (Gamperl, et al” 1994)，though a value exceeding this range has also been 
documented. Afler stress, the level can fluctuate within a vast range from 40 to more 
than 200 ng/ml in some cases (Barton and Iwama, 1991). It has been proposed that a 
correlation exists between cortisol level and the performance of fish. For examples, 
diminished resistance of fish to disease was correlated with high levels of circulating 
和.-• 
cortisol OVedemeyer, 1970，Shieszko, 1974，Carballo etal., 1995). This relationship 
allow cortisol to be used as an ideal interpretation tool for prediction of possible 
performance capacity in fish. Upon encountering environmental stressors such as Ap+ 
^ 
OBrown and Whitehead, 1995), Cu]+，NH3 and NO2' (Carballo et al, 1995; Tomasso 
et ai, 1981), transportation (Robertson et aL, 1988) and handling (Waring et al., 
1997), a clear up-regulation of circulatory cortisol was observed in the rainbow trout. 
Induction profile of serum cortisol level has been reported for fish following handling 
OPottinger and Calder, 1995; Vijayan et al., 1994) and crowding stress CPickering and 
Stewart, 1984; Pickering and Pottinger, 1989). Similar peaks of cortisol also appear in 
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other fish species upon exposure to oil (Thomas et al., 1980)，organic pollutants and 
heavy metal cocktail exposure (Hontela et a/.，1995). In addition to the successful use 
as an indicator for the integrative stress effect on fish from multiple stressors (Barton 
et al, 1986; Thomas 1990)，cortisol was suggested to be a promising stress index for 
general use. 
On the other hand, some drawbacks on the use of cortisol as a bioindicator of 
stress in fish have been suggested. No cortisol induction was observed in fish 
challenged with some toxic substances, such as cadmium (Schreck and Lorz, 1978; 
Thomas and NefF, 1985) Indeed, in some cases, cortisol level had returned to basal 
values during the compensatory period although the stressor was still present OHill and 
Fromm, 1968; Donaldson and Dye, 1975; Thomas and Neff, 1985). The same 
phenomenon happened in fish after physical stress (Strange et al., 1978; Pickering and 
Stewart, 1984; Robertson et ai, 1987). Furthermore, serum cortisol level in fish 
depends on many other factors, such as, type of stress, (Barton and Iwama, 1991), 
species used, water quality ^Pickering and Pottinger, 1987a), season (Audet et al., 
1986; Thorpe et al, 1987), temperature OBarton and Schreck 1987), growing stage 
"(Pickering and Pottinger, 1987b), nutritional status (Vijayan and Moon, 1992) and 
sampling time after stress (Gamperl et cd., 1994). 
, 
(II) Catecholamines 
Epinephrine and norepinephrine are the two main catecholamines in fish. 
Production of catecholamines occurs in the chromaffin tissue of fish. In response to 
stress, elevation of catecholamines level allows the immediate boosting of metabolic 
activities for adaptive responses. These include the increase of glucose release from 
glycogen storage (Mommsen et al, 1988; Wright et cd, 1989) and enhancement of 
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circulatory and oxygen-diffusion capabilities (Tang et al, 1988; Fievet et aI., 1990; 
Reid and Perry, 1991). Besides, increase of erythrocyte supply was claimed to be 
induced upon stress by catecholamines, in order to improve oxygen transportation 
QSTilsson, 1983; Witter et al, 1991). The normal range of serum catecholamines in fish 
depends on the species (Heath et al, 1993) and other extrinsic factors like season 
(Thrope et al, 1987), temperature (Pickering and Pottinger, 1987a) and nutritional 
condition (Vijavan and Moon, 1992). In most cases, less than 4 to more than 300 nM 
were documented (Gamperl etal., 1994). 
Stress such as simple handling and transportation can evoke an increase in 
circulatory epinephrine and norepinephrine levels (Iwama et al., 1989). Catecholamine 
production can be initiated also by low-blood oxygen tension and acid-base imbalance 
(Tang and Boutilier, 1988; Ristori and Laurent, 1985; Perry and Reid, 1992; Perry et 
al, 1992). Immersion of brown salmon into aluminium and acidic water for 36 hours 
produced a remarkable increase in serum catecholamine levels. (Brown and 
Whitehead, 1995). To conclude, epinephrine and norepinephrine levels in fish respond 
sharply and quickly to acute stress. However, it is highly susceptible to even a subtle 
*^  • 
change such as handling in blood sampling. 
< 
1.2.2 Secondary stress indicators , 
In teleost, a profound fluctuation of hormonal secretion can be observed upon 
most if not all stressful challenges. These "stress hormones" regulate numerous 
physiological processes in fish. Some of the physiological intermediates are subjected 
to change and these variables are known as the biochemical secondary stress indicators 
in fish (Mazeaud et al.，1977). Under chronic exposure to stress, the changes of these 
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variables can lead to malfunctioning under different physiological conditions (Specker 
and Schrect, 1980; Schreck, 1981)，particularly growth and reproductive capacity 
(Pickering et al, 1987b). Sometimes, high cortisol level can cause the incompetence of 
immune defense system in fish. A subsequent mortality was reported in a previous 
study OEllis, 1981). 
Generally, the secondary physiological stress indicators are the bioindicators of 
choice. They have the common advantage of, firstly, rapid in response to stress and 
secondly, they relate directly to the effect of stress in higher biological organization 
level of organisms. Fluctuations of secondary biochemical stress indicators have 
implicated usually the successive influences on the performance capacity of fish. They 
are discussed below according to their different functional categories. 
1.2.2.1 Metabolic changes 
(I) Glucose metabolism 
Glucose is one of the important component in blood. Hyperglycemia is noticed 
私 -
as the acute response in vertebrates against stress (McLeay 1977; Wedemeyer and 
McLeay, 1981; Barton et al., 1988). Teleostean serum glucose level is subjected to 
hormonal control by cortisol and epinephrine. This can be interpreted by the increase , 
in energy demand required for resisting stress (Ramalingam, 1992). It allows the 
restoration ofhomeostasis which has been disturbed by the stressor. 
Elevation of serum glucose level upon acute stress challenge is transient. It 
usually persists for a mere couple ofhours (McLeay and Gordon, 1980; Wedemeyer et 
al.’ 1985; Thomas, 1990). However, a persistently high glucose level was detected in 
fish exposed to certain organic pollutants (Thomas et cd., 1981; Thomas and NefF, 
Page 13 
1985; MacFarlane and Benville, 1986). As the assay for glucose is comparatively 
easy, estimation of serum glucose level for stress assessment is popular. The highly 
dose-dependent response of glucose or cortisol to pollutants also favored their use as 
biomarkers ^)onaldson and Dye 1975; Thomas et al.，1980). As a biochemical stress 
indicator, serum glucose has played a functional role. It indicates the re-adjustment of 
metabolic scope in fish post-stress. However, drawbacks of using semm glucose as a 
stress indicator in fish are noticeable. Serum glucose level readily change non-
specifically and is affected by other factors such as food intake (McLeay, 1977)，stages 
of development, season, temperature (Umminger, 1971; Strange, 1980; Barton and 
Schreck, 1987) and the method of sampling (Chavin and Young, 1970). Like cortisol, 
it may be desirable in stress assessment if the identity of stressor from the environment 
is not known (Barton et al., 1986)，but it is not a good index for the indication of 
specific stressor. Using serum glucose level as a indicator for existing stress, must 
therefore be considered with care. 
(II) Lactic acid 
^ •-
Lactic acid is a by-product of metabolism after the vigorous metabolic boost 
induced by stress. An increase in circulatory lactate was claimed in fish after handling 
stress (Ramalingam, 1992; Lowe and Wells, 1996; Davis and Schreck, 1997). The j0 
resulting intracellular acidosis due to lactic acid accumulation after vigorous activities 
is detrimental to physiological stability of fish. Acid-base balance of lactic acid with 
potassium exchange is one way to eliminate excess lactate. In the case of 
maladaptation, hyperkalemia can be observed (Graham et al., 1982; Turner et al., 
1983). Like serum glucose, elevation of circulating lactic acid is an acute stress 
indicator for a transient stress response in fish. It reflects the condition of anaerobic 
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metabolism in fish due to stress and vigorous exercise (Turner et cd, 1983). However, 
development on its utilization as a stress index has not been fully explored yet. 
1.2.2.2 Osmoregulatory changes 
Due to the confrontation of either hyper- or hypo-osmotic environment, one of 
the most important physiological activities in fish is osmoregulation. Fish, no matter 
freshwater or seawater species, maintains proper body fluid osmolality and ionic 
gradient with a suite of osmotic solutes, electrolytes, amino acids and protein. 
Changes in serum hydrominerals are studied intensively in order to better understand 
the general osmoregulatory activity in fish. Fluctuations in sodium, potassium and 
chloride ions during exposure to stressor, represent adaptational response to stress. 
Under mildly stressful conditions, the ionic balance of cell and tissue in fish can be 
governed. However, the homeostatic system is disturbed if the “toxicity” of stressor 
has exceeded limit of resistance. Energy exhaustion for the extra metabolic activities 
against stress may lower the performance capacity in water and ionic balancing. 
Activities of ATP-dependent processes such as Na+/K+ ATPase as well as the passive 
potassium flux in gills and intestine are affected fNefF, 1985). Osmoregulatory 
dysfunction appears.in seawater fish when the net serum electrolytes move inward into 
bloodstream. On the other hand, a freshwater fish under osmoregulatory dysfunction , 
suffers from loss of serum ion (Robertson et aL, 1988). Na+ loss was evident in fish in 
coal mine-polluted water and it was claimed as a promising acute stress indicator to 
acid and trace metal pollution (Grippo and Dunson, 1996). According to recent data, 
cortisol and growth hormone participated in the regulation process as well 
OPostlethwaite and McDonald, 1995). Stressors such as heavy metal, temperature 
shift, abrupt salinity transfer, can also initiate the response. To conclude, serum 
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electrolytes can be a choice of non-specific stress indicator for interpreting the 
osmoregulatory competence in fish. 
1.2.2.3 Haematological changes 
Some of the haematological parameters can represent the tolerance limits of 
fish to stress. These haematological parameters can be used as indices of oxygen-
carrying capacity and immune resistance of fish. Subsequent disturbance of these 
variables can be supervised as a suite of bioindicator for health assessment scheme on 
site studying (Adams et al., 1993). 
To assess the oxygen-carrying capacity of a stressed fish, its red blood cell 
count, haemoglobin and haematocrit are the three main parameters to be measured. 
These parameters implicate the amount of oxygen which can be transported from gills 
to different tissues. Elevations in level of these haematological variable was claimed as 
an adaptive change of fish (Martin and Black, 1996). In this case, metabolic rate in 
fish is increased in order to cope with the extra energy demand as a result of stress. 
However, decreases in all of these variables were reported in gilthead sea bream after 
_ --
a 2 week-management handling (Pages etal., 1995). These evidences may indicate the 
exhaustion of fish ta stress. 
Information about the immune response of fish can be provided also by some , 
haematological variables. Types of leucocytes and leucocrit count were frequently 
studied. Decline of leukocyte numbers was recorded in stressed fish (McLeay and 
Gordon 1977; Ellis, 1981; Wedemeyer et al., 1983). Decrease in total immune cell, 
pronephros cell count and depression of phagocytic function of macrophages were 
discovered in tilapia upon insecticide exposure (Holladay et cd., 1996). As leukocytes 
is one of the key components in the immune defense system, decrease in number of 
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leukocytes has directly implied the suppression of disease resistance. More reports 
have correlated the cortisol efFect to the list of change mentioned above. High cortisol 
level was related directly with the subsceptiblity of fish to disease plausibly due to the 
suppression of immune system (Ellis, 1981; Wedemeyer and McLeay 1981). Another 
report elucidated that the higher the serum cortisol level, the greater chance of 
bacterial infection was found in fish (Carballo et al., 1995). In the over-winter fish, 
lower circulating leukocyte and a higher cortisol level were observed concomitantly 
with the high mortality rate in winter (Pickering and Pottinger, 1988). Not just the 
change of leukocyte population, cortisoI-mediated suppression of leukocyte function 
was discovered in other studies (Maule et al, 1987; Anderson et al., 1989). All these 
evidences have proposed not only the mechanism of immunosuppression due to stress, 
it encourages also the use of these haematological stress indicators for the assessment 
of stress efFect in fish. 
1.2.2.4 Reproductive changes 
Reproductive process in fish is both sophisticated and sensitive. Signal is sent 
私--
from the hypothalamus as gonadotrophic releasing hormone (GnRH) which can trigger 
the production of gonadotropin in pituitary which leads finally to the production of the 
sex hormones, estrogen or androgen in gonadal tissue. Blockage in any one of these , 
steps can lead to reproductive failure. This can be manifested in the malformation of 
testis, ovary or the stunting of egg maturation. Substantial work has been conducted 
on the interaction between reproductive hormones and stress. Those hormones and 
intermediates which are susceptible to change are suitable indices for the assessment 
of reproductivity in fish ^Donaldson，1990). 
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Reproductive perturbations have been observed in fish exposed to pollutants. 
(Baldwin et al., 1994; Haries et al, 1996; Bergeron et al., 1994; White et al., 1994). 
Vitellogenin, a phosphoprotein for egg development was found to increase in male 
trout exposed to sewage. This reproductive intermediates can be used as a biomarker 
for detecting environmental pollution in fish (Sumpter, 1995; Jobling et al.’ 1996). 
Besides, viability of gametes, characteristics of fertilized eggs, embryonic 
development, hatching rate and health of larvae etc. have been regarded as possible 
reproductive indicators of fish. Details of the effect of pollutants on reproductive 
system in fish were reported (Donaldson, 1990). By and large, reproductive 
parameters can be ideal biomarkers to assess the water quality. These parameters are 
specific in response to a group of organic and estrogen-like chemicals. 
1.2.3 Tertiary stress indicators 
1.2.3.1 Histopathological indicators 
Histopathological study is another approach to investigate the change in higher 
^ •-
biological organization level of fish due to stress. With the examination on some key 
organs, we can idqntify the target organs, tissues, cells and even organelles that the 
stressor is acting on. Any necrotic tissue, cells death, change in cell size and shape and , 
the food storage and enzyme profile in the cytoplasm can act as bioindicators of stress 
Offinton and Lauren, 1990). 
Gill is an organ which is exposed directly to the environment and is responsible 
for gas exchange, acid-base balancing and excretion of nitrogenous waste. Branchial 
damage was observed in fish upon acute or chronic exposure to heavy metals and 
organic pollutants (Mallat, 1985). Substantial drug metabolic activities occurring in the 
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liver has attracted the attention of many researchers. The presence of carcinogenic 
substances, heavy metals and xenobiotics in polluted areas can cause severe cellular 
and subcellular damage to hepatocytes. (Hendricks, 1982; Baumann et al, 1982; 
Black et al., 1982; Droy and Hinton, 1988; Myers et cd,, 1987). The spleen and head 
kidney are the site for blood formation and immune activity and histological changes. 
Damages in these organs can implicate the failure of the corresponding function in fish 
exposed to stressors (Lauren et al., 1989). 
Studies on these histopathological parameters can be accomplished by simple 
light microscopy, while the use of transmission electron microscopy and scanning 
electron microscopy can provide more information at the suborganelle level. The new 
trend in development of immunohistochemistry and cytochemistry has become 
popular. These techniques have encouraged the use of histopathological change as a 
bioindicator of stress in fish. However, the assessment of these histopathological 
changes is sometimes subjective and usually not quantitative. These are the 
drawbacks of the use of these histological parameters as stress indicators in fish. 
1.2.3.2 Ecological indicators 
Ecological iodicators can assert the species richness, diversity and eveness in a 
habitat. The interpretation on community structure and function can be illustrated , 
(Tonn and Magnuson, 1982; Tonn et al., 1983; Rahel, 1984). Thus, an ecological 
indicator can provide information on environment quality in a wider and more holistic 
approach. The use of a comprehensive bioindicator "index of biotic integrity" (ffiI) 
has been proposed ^Carr, 1981，1987). It provides the information and description on 
community, population and individual species within the studied area. Another 
ecological index is health assessment index (Adams et al., 1993). Both of these 
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ecological indices are biologically meaningful, but there are numerous drawbacks. 
Setting of criteria in survey is sometimes subjective and ambiguous while the 
information and background details cannot be easily understood. Relationship drawn 
from earlier research correlating biochemical indicators with population-community 
index were not necessary linear (Schlenk et al., 1996). 
1.3 Recent Trends of biomarker studying 
1.3.1 Use of detoxification systems for specific indication of toxic pollutants in 
aquatic environment 
In order to supervise the xenobiotic pollutions in aquatic environment, two 
detoxification systems have been recommended specifically for this purpose. They are 
the metallothioneins and cytchrome P450 monoxygenase. Both of them are localized 
constitutively in the liver. 
和 -
1.3.1.1 Metallothioneins (MTs) 
Metallothioneins are group of small proteins with molecular size ranged 
between 6 to 7kDa (Thomas, 1990)，or lOkDa as described in a previous report , 
(Zhang and Schlenk, 1995). It is cysteine-rich and bound with zinc ion as a native 
form. In fish, induction of metallothioneins is observable exclusively after exposing to 
heavy metals. Divalent ions such as zinc, copper, cadmium were found to be the 
inducers which elevate hepatic the metallothioneins content (Kuroshima, 1995; Gagne, 
et al., 1996). Similar induction responses in kidney and gill tissues were also reported 
(Roch and McCarter, 1984; Sabourin et al, 1985; Hamilton and MehrIe, 1986; 
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Hamilton et aL, 1987). Functions of metallothioneins in fish have been discussed in 
some previous studies. Primarily, it plays an important role in regulation of 
intracellular trace metal metabolism, such as zinc and copper. More important, it 
sequesters the excess amount of free divalent metal ions in cellular compartments. By 
this, detrimental binding ofheavy metals on the sulfyhydryl group offunctional cellular 
proteins can be reduced (Cherian and Goyer, 1978). Noticeably, the production and 
expression of metallothioneins are dose-dependent on the existing amount of cadmium 
and to the other metal ions as well (Thomas, 1990; Zhang and Schlenk, 1995). Such 
an induction response was more pronounced in fish upon copper exposure (Roch et 
al, 1982). In many field studies, quantification of metallothioneins proved to be 
reliable for assessing the environmental quality (Gagne and Blaise, 1993; Gagne et al., 
1996). Further researches on the physiological significance and characterization of 
metallothioneins at molecular level have been conducted (Chan, 1995; Olsson et al., 
1995; Samson and Gedamu, 1995). Ail in all, the use of metallothioneins as a specific 
biomarker for detecting heavy metal pollution is largely recommended. 
和 -
1.3.1.2 Cytochrome P450 monoxygenase (CYP450) 
Cytochrome'P450 monoxygenase is another enzymatic detoxification system in 
fish. Induction of this group of enzymes is elicited by the exclusive presence of the , 
organic xenobiotics. Polycyclic aromatic hydrocarbons (PAHs) and polyhalogenated 
aromatic compounds (PACs) are two of the best knwon inducers. After 
biotransformation, their toxic effects were exerted on fish in the form of toxic 
metabolites. These metabolites then bind readily to the proteins and genetic molecules 
in cells which may lead to cellular damages and plausible genetical defects (Rema and 
Philip, 1996). Cytochrome P450 monoxygenase was known to be responsible for the 
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metabolism of organic toxicants and the alleviation of deterimental effects in cells 
stated above. As the dose-dependent induction responses were shown in many field 
studies, activity of microsomal cytochrome P450 in hepatocytes was claimed to be an 
specific biomarker for organic pollution (Beyer, et al., 1996; Husoy, et al, 1996; 
Gagne, et al., 1996). However, decline of responsiveness of the hepatic cytochrome 
P450 occurred in rainbow trout after a prolonged PCBs exposure (Celander and 
Forlin, 1995). In addition, induction response of cytochrome P450 varies differentially 
regarding to the sex of fish (Williams et al., 1997), seasonal factors (such as 
temperature) and other biotic factors (such as spawning of fish) (Sleiderink, et al., 
1995; Wolkers et cd., 1996; Saborowski et al., 1996). These evidences can be the 
drawbacks on the use of hepatic cytochrome P450 as a biomarker. Nonetheless, the 
strongly linear relationship between cytochrome P450 induction and the existing level 
of organic pollutants revealed in previous reports have encouraged the use of 
cytochrome P450 as one of the specific bioindicator in fish. 
1.3.2 Use of HSP70 as a biomarker in teleost *- -• 
The idea of- using HSP70 as a biomarker to detect the effect of stress in 
organisms has been well addressed in environmental monitoring. HSP70 possesses all jf 
the pre-requisites of a good biomarker. Firstly, production of HSP70 is altered by 
numerous exogenous stress. It has been supported by numerous reports that induction 
of HSP70 in cells is readily elicited by thermal stress, heavy metal exposure, alcohol, 
anoxia and other proteotoxic stress (Craig, 1985; Koban et cd., 1987; Craig and Gross, 
1991，Delmas etal., 1995). Secondly, induction ofHSP70 is dependent on the dose of 
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the exposed stressors. Previous report reflected directly the impairment of cell by 
stressors in a dose-dependent fashion (Ryan and Hightower, 1994). Moreover, the 
quantitative change of HSPs can elucidate the possible influence of stress at a higher 
biotic organization level of organisms. This is important as the actual amount of stress 
impact on organisms can be quantified. Thirdly, it is a primary stress indicator which 
represents the stress response of organisms at biochemical and molecular level. Thus, 
it provides an early alarm before any physiological dysfunction has appeared. In 
addition, HSPs can also correlate directly with the adaptational capability of an 
organism as a whole to stress. A preferential HSP70 expression was observed in the 
thermotolerant species (Coleman et al., 1995). With a higher HSP70 level, 
considerable enhancement of stress tolerance, and survivorship in animals against 
thermal stress has been found (Li and Nussenzweig, 1996). Therefore, HSPs is 
claimed to be an ideal biomarker to correlate the biochemical stress response to the 
ecological adaptation of species. 
Recently, level of HSP70 in aquatic organisms has been suggested as an 
和 -
bioindicator to stressors in the aquatic environment. Results from previous studies 
have revealed the ^existence of HSP70 in aquatic invertebrates such as mussels 
(Smerdon et a/.， 1995) and copepods (Gonzalez and Bradley, 1994). HSP70 
, 
expression in teleost as a cellular response against stress were studied (Koban et aL, 
1991; Fader et al., 1994; Dietz and Somero, 1993). Use of fish is proposed to be one 
of the ideal model since the functional characteristics of fish is similar to that in other 
higher vertebrates. Besides, numerous species of fish living in different habitat 
extremes have provided sufficient examples to allow a discussion for the functional 
role of HSP70. Further investigations on the function and regulatory mechanism of 
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HSP70 can provide more information for the application ofHSPs as a bioindicator of 
stress. Reliability of using HSP70 in fish as a bioindicator for practical environmental 
supervision depends much on the new findings from future research. Significance of 
HSP70 in evolutionary and ecophysiological adaptation in fish is one of the interesting 
topics. 
1.4 Future Perspectives on the study of biomarkers in fish 
Basically, the attention of researchers on biomarkers is drawn by the question 
of whether a biomarker can provide information on the onset of subsequent 
dysfunction and mortality of fish exposed to sub-lethal stress. Better establishment on 
the mechanism of how stress can be mediated from source and received by fish is 
utmost essential. With this background information, we can choose and use the 
biomarker appropriately and thus achieve better results. 
Specificity of bioindicator in fish is another topic to be studied. Different 
私.-. 
biological variables respond to stressors in a distinctive manner. Some of these 
variables is specificon only one or two stressors while some biological variables are 
more generalized in response. Use of non-specific bioindicators for the assessment of , 
environmental deterioration is favorable. This allows a more complete detection of 
stress arising from other unknown entities. Besides, summation of stress impact on 
fish from environment can be reflected in a more holistic way. Recently, the integrative 
assessment scheme for environmental supervision has been proposed. Stress 
indicators from different levels of biological organization are involved in this method. 
This allows the illustration of a clearer picture for stress effect on fish. Thus, the use of 
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biomarkers in fish for aquatic environment monitoring can be more reliable. However, 
discrepancies may occur if changes in bioindicator(s) are caused by some natural 
fluctuation rather than the real "stress". In this case, care must be taken when these 
biomarkers are used for environmental supervision. 
In addition, development on laboratory techniques and the progress in 
molecular biology have brought us some new insights. The use of enzyme-linked 
immunosorbent assay (ELISA) technique has improved our efficiency on the diagnosis 
and quantification of bioindicators such as HSPs in the samples. On the other hand, 
study of potential stressors can be now conducted on cell-line. It is convenient since 
we can easily manipulate the required dosage of stressors and control all the treatment 
regimes in the laboratory. Meanwhile, when compared with experiments involving 
stress on whole-animals, the use of cell-lines can save place and labor. All these 
developments have encouraged and assisted the stress assessment and environmental 
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Fig.1.2 Stress indicators in different biotic organization levels of fish 
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Chapter 2: 






Chapter 2: Literature Review on Heat Shock Proteins (HSPs) 
2.1 General characteristics ofHSPs 
Research on heat shock proteins has started only in the past two decades. It is 
an interesting topic since HSPs besides maintaining normal cellular activity, it also 
protects the cell, tissue and the organism as a whole against stress (Morimoto et al.， 
1994; Gething and Sambrook, 1992). HSPs are highly conservative in structure and 
amino acids sequence in a vast array of organisms ranged from bacteria to human. 
The evolutionary significance of HSPs in various organisms is one of the focus to be 
studied. The role of HSPs in normal functioning of cell and the adaptive significance 
of HSPs in organisms against different environmental extremes still remain to be 
further defined. 
Generally speaking, HSPs represent a class of proteins which performs the 
cytoprotective role of stabilizing both the existing and newly-synthesized proteins, to ^ •_ 
maintain proper protein foldings and conformations. They help the nascent polypeptide 
to be assembled, olrgomized or translocated between different compartments of cells 
with the competent translocation state (Ellis, 1987; Chirico et al., 1988; Deshaies et ^ 
al, 1988). For this reason, the name of "molecular chaperones" is entitled to HSPs. 
These processes are utmost important during the active growing stage as well as the 
general activities of the cell (Lindquist and Craig, 1988; Fayet et al., 1989; 
Georgopoulos and Welch., 1993). Apart from this, HSPs facilitate the disassembly 
and degradation of misfolded proteins. They help to refold, re-aggregate and thus 
restore native protein conformation under stressful challenges, such as heat shock 
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(Palham, 1986; Pelham, 1990; Morimoto et al., 1990). In other words, HSPs can 
promote the tolerance of cell against unfavorable environmental changes which in turn 
enhance the survivorship of organisms. Such a cellular protective response is unique 
and important and in enabling the better temperature adaptation by organisms. 
HSPs can be classified simply according to their molecular weights, sequence 
homology and the functional relatedness. To date, four main families have be 
delineated, viz, HSP70, HSP90, HSP60 and low-molecular weight HSPs. 
2.1.1 HSP90 family 
The presence of HSP90 family (Stress-90) has been reported in most 
eukaryotes and higher animals. There are at least 3 members in this family, namely 
HSP90 in human (Hickey et al., 1989), HSP83 in Drosophila (Blackman and 
Meselson, 1986) and HSP80 in plants p^Iover and Scharf, 1991). Amino acid 
sequence homology and cross-reactivity within the HSP90 family are relatively weak 
和 -
when compared with those within the HSP70 family (Carbajal et al., 1986; Nover and 
Scharf, 1991). HSP90 family is likely a phosphoprotein with a highly hydrophobic 
surface. Phosphorylation of HSP90 was correlated with protein kinase activity in the , 
heat-shock experiment on HeLa cell line ^.egagneux et aL, 1988). This experiment 
forms the basis for understanding the function ofHSP90. In addition, it can stabilize 
the disentangled proteins in cells to enter an inactive state or unassembled state 
OLindquist and Craig, 1988). An inducible form of HSP90 upon temperature changes 
was documented for many organisms, including fish (Lindquist and Craig, 1988). 
Recently, an association of HSP90 with the cellular steroid hormone receptors was 
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proposed ^^ratt, 1992; Smith and Toft; 1993). According to this postulation, hormone 
molecules such as steroids can displace HSP90 from the steroid hormone receptor 
binding site. The complex relationship between HSP90-steroid hormone receptor and 
stress, however, is still unclear. 
2.1.2 HSP70 family 
HSP70 (Stress-70) is the most well-studied family of heat shock proteins. It is 
highly conserved in organisms from prokaryotes to eukaryotes, and in plants and 
animals (Lindquist and Craig, 1988). In experiment involving mammals (Lowe et al., 
1983; Moran et aL, 1983), fish (Heikkila et al, 1982; Kothary et a/.，1984), snail 
(Greenberk and Lasek, 1985) and plants (Neumann et al, 1989), cross-hybridization 
of HSP70-encoding DNA or RNA has been reported. Regarding amino acid 
sequence, there is a 60-78% homology among the eukaryotic proteins and about 40-
60% homology between human HSP70 and its E. coli counterpart, DnaK (Lindquist, 
1986). However, the number of members in HSP70 family among organisms varies. 
*r^ -
For example, in mammals there are two stress-inducible forms ofHSP70 in addition to 
6 constitutive forms in different cytological locations. Each of these different forms 
has its own expression characteristics (Leustek et al., 1989; Kraeczyk et al., 1987; 
, 
Allen et al., 1988; Simon et al, 1987; Watowich and Morimoto., 1988; Nover and 
Scharf, 1991). This can be the hint for our discussion of why there are multiple forms 




The portion ofHSPs in total soluble proteins of some tissues is as much as 5-
10% (Jindal, 1996) while HSP70 or Stress-70 is the most abundant HSP found in 
organisms (Craig and Gross, 1991). It acts as a chaperone in cell while an active 
protein binding activity is performed. Upon acute environmental changes, any 
proteotoxic effect on cells can be detected by HSP70. The non-native conformation of 
cell proteins, or, the residue of damaged polypeptides can be the substrate to trigger 
HSP70 induction upon stressful conditions (Ananthan et al., 1986). In turn, a 
subsequent induction of HSP70 and activation of protein binding interaction will take 
place. With the peptide-binding site on the less highly conserved carboxyl terminal, 
HSP70 ‘recognizes’ the loose loop or unfold hydrophobic sequence exposed on the 
surface of damaged proteins. This was claimed to achieve a stabilizing purpose. (HartI, 
1995). It is expected that, protein competency and survivorship of organisms will be 
enhanced. Exposure to heat, ethanol, heavy metal and many other external stimulation 
are stated to initiate extensive HSP70-associated cellular events (Craig, 1985; Koban 
et al., 1987; Craig and Gross, 1991). Nonetheless, without any stress exposure, a 
constitutive level of HSP70 can still be detected in many species (Yu et al., 1994). 
私 -
Thus, the role ofHSP70 as a chaperone in eukaryotic cellular response against stress 
is widely suggested. Due to the evolutionarily conservative nature of HSP70, its 
interaction with non-native proteins and its sensitivity to stress, HSP70 has become 
^ 
one of the most important heat shock proteins to be studied. 
2.1.3 HSP60 family (Chaperonin-60) 
HSPs within the HSP60 family (chaperonin-60) are well-known to act as 
molecular chaperones. They are responsible for the binding of non-folded precursors 
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of nascent polypeptides where the assembly of proteins oligomers and secretory 
proteins are guided ^Bochkareva et al, 1988; Lecker et al, 1989; GeorgopouIos and 
Ang, 1990; Gething and Sambrook, 1992). Like HSP70, chaperonin-60-Iike TCP-1 
family in eukaryote requires hydrolysis of ATP during the process of protein handling 
^Iartl, 1995). Details of the role of chaperonin-60 in handling newly-synthesized 
protein from stress-70, tranIocating and ensuring correct conformation of which were 
discovered only in the past few years OLange et al., 1992; Frydman and Hartl, 1994). 
This piece of evidence is important for assigning a role of chaperonin-60 in protection 
and supervision of protein for proper folding and translocation. 
2.1.4 Low-molecular weight HSPs (HSP 20) 
The low-molecular weight HSPs or HSP20, is another family of HSPs. Its 
members are characterized by low molecular weights ranging from 8 to 27 kDa. 
However, they share a fairly conserved sequence. One of the most noticeable member 
is ubiquitin, HSP8.5. It recognizes the target proteins which are in the process of 
•r^ -
being degraded and facilitates the translocation of these proteins between different 
cellular compartments fNover and Scharf, 1991). 
, 
2.2 Structure of HSP70-encoding gene 
2.2.1 General characteristics of HSP70-encoding gene 
Eukaryotic HSP70 was discovered as early as the sixties in Drosophila. The 
recent findings of HSP70 in higher animals like fish, birds, rodents and human have 
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advanced the related perspectives. Basically, the arrangement of HSP70-encoding 
genes was characterized (Southgate et al., 1985). Hsp70 gene family is comprised of 
more than one gene and located specifically on one to many chromosome loci. A 
single unit of hsp70 is interspersed spatially with sets of tandem repeats at loci 87A 
and 87C in Drosophila (Artavanis-Tsakonas et al., 1979; Craig et al, 1979; Ish-
Horowicz et al., 1979; Mirault et cil., 1979; Moran et al., 1979). As a whole, this 
multi-gene organization is then responsible for the transcription of HSP70 variants, 
with different molecular sizes, and also, different expression characteristics (Wu et al.， 
1985; Dreano et al., 1986; Choi et al., 1991). Examples of these variants are the 
heat-inducible HSP70 and HSP68 which are present in the nucleus upon stress. They 
are then transported to the cytoplasm during the subsequent post-stress period. Non-
heat-inducibIe HSP70 is also known as the heat shock cognate-70 (HSC70). It 
present constitutively in organelles like endoplasmic reticulum and mitochondria 
(Craig and Gross, 1991). Its level is regulated according to the different developmental 
stages of organisms (Craig et al., 1982, 1983; Ingolia and Craig, 1982). Nonetheless, 
these highly-diversified HSP70s are functionally similar and they are strong in 
於--
sequence homology (Holmgren et al., 1979). A 85% homology in DNA sequence 
between HSP and HSC has been reported (Craig, 1985). It is suggested that they are 
evolved inter-dependently and they are compensatory in function (Ish-Horowicz et 
, 
al., 1977). 
Recently, the stress-sensing ability of HSP70 has been exclusively related to 
the regulation of HSP70 transcription (Voellmy, 1995). In this case, the binding 
activity of cytosolic heat shock factor (HSF) on the promotor element or heat shock 
element (HSE) is altered by stress (Westwood et al., 1991; Baler et al., 1993; Sarge et 
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al, 1993). HSF and HSE are then implied to be the main components in sensing 
environmental changes. 
2.2.2 Heat shock transcription factor (HSF) 
HSF is a protein molecule which can recognize HSE in the hsp70 promotor 
region and eventually triggers the transcriptional process (Parker and Topol, 1984; 
Wu, 1984; Amin et al, 1988; Xiao et al, 1988). It is well conserved among 
vertebrates, with a DNA-binding domain at the amino terminus for the interaction with 
HSE (Harison et al., 1994; Vuister et al., 1994). Also, there is a group of 
hydrophobic leucine zipper repeats in the middle part which is then followed by 
carboxy-terminal repeats. Presumably, the latter is a so-called transcription activation 
domain QS[ieto-Sotelo etal., 1990; Sorger, 1990; Green etaL, 1995). In vertebrates, 
more than one HSF are found though only HSF1 can mediate the stress-regulated hsp 
transcription (Baler et al, 1993; Sarge et al., 1993. This process is achieved by the 
binding of active HSF molecule to heat shock element, or HSE in the hsp70 promotor 
<r^ - -• 
region (Amin et al., 1988; Xiao et al, 1988). From the previous reports, it is 
extensively recognized that, activation of transcriptional activity on hsp gene by HSF is 
correlated with its qualitative or conformational change rather than a quantitative , 
change (Rabindran et al., 1991). The details will be discussed in the later sections. 
2.2.3 Heat shock elements (HSE) 
The promotor elements of hsp70 are located on the upstream of hsp70 DNA 
sequence. In the cell-line of trout, hsc71 promotor has been identified as being 
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comprised ofDNA motifs with one TATA box, two inverted CAAT-boxes and three 
or more pentameric HSE-like repeats in sequence 5'-nGAAn-3', arranged in "head-to-
tail' pattern (Gedamu and Zafarullah, 1993). HSF has a high affinity with this HSE-
like repeats whereas the complex, in addition to other basal promotor elements, can 
modulate the transcription ofhsp70. Though the involvement ofHSE-Iike sequence in 
heat shock response of fish has not been documented in detail, a similar mechanism as 
in mammals can be expected to operate in this transcriptional control ofhsp70 in fish. 
2.3 Stress-mediated control ofHSP70 transcription 
Usually, HSF appears in cells either as a free-monomeric form or HSP-bound 
heteromeric form. Under non-stressful conditions, monomeric HSF is readily captured 
by free HSP70 molecule in the existing cytosoIic pool. Thus the heteromeric form is 
dominant in this case (Baler, 1992; Rabindran et al., 1994; Baler et al., 1995). The 
heterodimer formed by HSF and HSP70 is known to be inactive in both DNA-binding _ --
and DNA-transcriptional activity. However, when cells are stressfully challenged, 
putative stress-related inducers emerge. They trigger readily the HSF-HSP70 
heterodimer dissociation. Consequently, HSFs oligomerizes into a homotrimeric form 
^ 
(West-wood et al, 1991; Baler et al, 1993; Sarge et al., 1993). This conformation is 
known to result a high DNA-binding affinity with HSE DNA (Baler et al, 1993; Sarge 
et al., 1993). By some unknown processes, HSF trimer on HSE becomes 
transcription-competent and eventually turns on the hsp70 transcription (Zuo et al., 
1995). Stress seems to play an inevitable main role here to trigger the above 
mechanism. (seeFig. 2.1) 
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Recent data have suggested possibly how stress can mediate HSP70 synthesis 
CHuang et al., 1994; Freeman et al., 1995; Voellmy, 1996). This theory claimed that 
the accumulation of non-native proteins due to stress can act as a HSP70 binding 
substrate in this system. The proteins compete with inactive HSF molecules for the 
free-pool HSP70. The free HSF oligomerizes more readily as a high DNA-binding 
trimeric form in the presence ofHSP70 substrates (CIos et al., 1990; Rabindran et al, 
1991; Zuo et al, 1995). This implies that the more frequent binding ofHSF trimer on 
HSE will lead to the upregulation of hsp70 gene transcription (Baler, 1992). In simple 
words, cells can "sense" the stress through its non-native protein products and turn on 
the successive hsp70 transcriptional processes. 
Apparently, HSP70 contributes also as a regulator in the negative feedback 
loop of this system. By the assistance of induced HSP70 in the proteolytic process or 
successfiiI refolding of damaged proteins in cells, substrates for HSP70 decrease in 
amount. The availability of free HSP70 in cytosolic pool is then increased. In turn, it 
favors both the dissociation of HSF trimer from HSE and the formation of original ^ >-
HSF-HSP70 heterodimer. Therefore, transcription of HSP70 can be switched off and 
restored back to the ground state. In other words, existing level of free-pool HSP70 
can regulate the rate ofits transcription (Voellmy, 1996). , 
Evidence from more reports showed that there are groups of inducers other 
than denatured proteins which act as the HSP70 binding substrate (Ananthan et al., 
1986; Voellmy, 1996). Through the putative system mentioned above, it can also 
increase HSP70 expression. Examples claimed include amino acid analogs, heavy 
metals, free radical producers and redox cyclers (Voellmy, 1996). Irrespective of the 
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nature of these potential inducers, all of them can eventually render the elevation of 
denatured proteins in cells, thus, up-reguIate the promotor activity of hsp70 
transcription. 
A new concept of multiprotein complexes which supplement the system 
mentioned above has been postulated. The interaction ofHSPs such as HSP70 and 90 
with steroid hormone receptors were discovered in cytoplasm (Pratt, 1992; Smith and 
Toft, 1993). Evidence from these studies indicated that, putative HSP-steroid 
hormone receptor complex can render negative regulation of hsp70 gene transcription 
by trapping free HSF monomer in an inactive DNA-binding form (Smith, 1993; 
Hutchison et al., 1994). It seems that the control of hsp70 gene transcription is 
achieved in concert by a variety of these pathways, not merely by one or two simple 
steps. These new findings in regulation of hsp70 transcription has projected a clearer 
scenario for the cellular activity upon stress, whereas the use of HSP70 as a sensor or 
bioindicator for stress in organisms is suggested. 
和 • 
2.4 Characterization of HSP70 expression in teIeost 
_ 
Production of HSP70 as a strategy against cellular damage arising from heat 
jf 
stress is well demonstrated (Sanchez and Lindquist, 1990; ParseIl and Lindquist, 1994; 
Coleman et al., 1995; Gehring and Wehner, 1995). Acute heat shock is a kind of 
typical proteotoxic stress since the cellular proteins can be readily destroyed. Non-
native proteins can induce HSP70 synthesis via upregulation of HSP70 transcription. 
With the demonstration of an involvement ofHSP70 in adaptation of species to high 
temperature habitats (Landry et al.’ 1982; Li and Werb, 1982; Subject et al., 1982; 
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Gehring and Wehner, 1995), it is meaningful to characterize the expression ofHSP70 
in organisms. Such studies can also provide the background information for assessing 
the potential ofHSP70 as a biomarker. 
2.4.1 Tissues-specific expression of HSP70 in teleost 
In teleosts, differential expression patterns of HSP70 in different species and 
different tissues were reported. Surprisingly, in different tissues of the same teleost 
species, there is a substantial difference in the level of constitutive HSP70. (Dietz and 
Somero, 1993). In one of the experimental species, buffalo sculpin {Enophrys bison), 
there was no constitutive HSP70 expression in the gill though HSP70 is relatively 
abundant in the brain and liver. Whereas in another study on the channel catfish 
(Jctcdurus punctatiis), HSP70 content in the liver, gill and muscle of the fish is in a 
decreasing order (Abukhalaf et al, 1994). 
Besides differences in the absolute quantity, different specific type(s) ofHSP70 
^ - - -
isoforms were found in different tissues and organs of fish (Koban et al, 1991). In 
Fundidus heteroclitus, two kinds of HSP70 isoforms were found. They appeared 
constitutively with molecular weights of 74 and 76 kDa respectively. The 76 kDa , 
protein was present in most of the tissues including giII, heart, liver, muscle, brain and 
erythrocytes. While the 74kDa protein occurred only in the erythrocytes, gill and 
heart. All in all, these data have indicated that expression of HSP70 in teleost are 
tissue-specific in both quantitative and qualitative terms. 
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2.4.2 Inter-relationship of HSP70 expression with seasonal variation and 
thermotoIerance of teleost 
Production of HSP70 is sensitive to ambient temperature changes. Seasonal 
variation is a factor which is associated directly with the expression of constitutive 
HSP70. In teleost, under unstressed conditions, the presence of a fairly high level of 
constitutive HSP70 was evidenced by both the ELISA and immunoblotting analysis 
(Yu et al, 1994). Among different species of fish, there was a remarkable difference 
in the HSP70 expression ^Dietz and Somero, 1993). Apparently, the temperature 
encountered by organisms or the genetic make-up of organisms may explain this. 
Considering the use of HSP70 in environmental assessment, it is important to 
determine the amount of heat shock cognate (HSC) in organisms beforehand. The 
constitutive level of HSC can then be subtracted from the level of HSP attained after 
stress. This will allow a better precision of environmental assessment when HSP70 is 
employed as the biomarker. 
和 -
Seasonal fluctuation of HSP70 expression was observed in several species in 
different habitats (Fader et al, 1994). There was a dramatic seasonal change in the 
HSP70 level in fish sampled from both cold water or warm water stream. 
M 
Concomitantly, both of the fish had an upregulation ofHSP70 during the period from 
winter to spring. There was a slight drop of HSP70 level in summer but it was still 
higher than which in fall and winter. Apparently, seasonal change or natural 
environmental temperature change may be the main factor involved in this 
phenomenon. Instead of being a cytoprotective strategy against acute heat shock, 
more likely, HSP70 is a stand-by component which allows species to withstand the 
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mild but chronic (say, last for few months) temperature change in habitat. Evidence 
from previous studies strongly suggested a relationship between HSPs and 
thermotolerance of organisms (Landry et al, 1982; Li and Werb, 1982; Laszlo and Li, 
1985; Coleman et al., 1995). HSP70 is particularly important for cold-blood animals 
since there is a greater need for protection against environmental temperature 
fluctuation. When using HSP70 as a bioindicator, the dynamic expression ofHSP70 in 
fish under natural and normal conditions should not be misinterpreted as stress. 
2.4.3 Induction ofHSP70 in teleost upon acute thermal stress 
Induction of HSP70 in cells of organism subjected to thermal stress has been 
well studied. Some comments can be made on the ground of those results. In most of 
the cases, upregulation of HSP70 synthesis is performed at the time of exposing the 
cell or whole organism to a temperature which is higher than the acclimatization one. 
In the in vivo study of hyperthermic shock on marine fish sampled from different 
habitats, elevation of HSP70 level was evident in various tissues examined (Somero 
私 -
and Dietz, 1993). Generally, the results confirm the statement claimed above. 
However, an amazing result was discovered. Though the fish were acclimated at a 
common temperature of 10°C before experiment, the threshold induction temperature , 
of HSP70 was different among different species. The induction temperature ranged 
widely from 20°C to 28°C. It seems that acclimation on fish fail to equalize the HSP70 
induction thresholds among different species. However, an opposite picture was 
observed in eurythermal teleosts regarding in vivo HSP90 production (Dietz and 
Somero, 1992). It has been shown that the acclimation process insensitized HSP90 
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synthesis, i.e., hyperthermic pre-incubation may alter the threshold induction 
temperature ofHSP90. 
When compared with in vitro studies, threshold induction temperature of 
HSP70 was 32.5X in the eurythermal fish F. heteroclitus adapted to 20°C (Koban et 
al., 1991). In the cold-water salmonids, though acclimated to the same temperature of 
20°C, induction ofHSP70 was reported at mild heat stress of24^C to 28°C (Kothary 
and Candido, 1982; Gedamu et al., 1983; Mosser et al, 1986). In the hepatocytes of 
channel catfish, acclimation temperature failed to alter the threshold induction 
temperature (Koban, 1987). It seems that the threshold induction in teleost is 
genetically-dependent. Whether pre-incubation temperature or individual genetic 
make-up of the species is more important in affecting the induction temperature of 
HSP70 is still unknown. 
Few reports have addressed to the possible effect of cold stress on the 
induction of HSP70 in fish. No HSP70 induction was found in the rainbow trout _ -
fibroblasts cell-line when temperature was lowered from 22°C to 5°C and 0°C 
respectively (Mosser et al； 1986). Also, no HSP70 synthesis occurred when the 
reverse was done. These results may imply that heat shock rather than cold shock and , 
its absolute temperature rather than temperature difference that account for HSP70 
induction in fish. 
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2.4.4 Induction ofHSP70 in teleost by non-thermal stressors 
2.4.4.1 Heavy metal-induced HSP70 expression 
Apart from thermal stress, common anthropogenic stressors to teleost are 
pollutants and human activities. Heavy metals are one of the major source of 
contamination. Copper, zinc, cadmium and arsenic are well documented members 
which can plausibly induce the production of heat shock proteins in cells as a 
cytoprotection strategy (Levinson et al, 1980). In this case, another stress-inducible 
protein, metallothionein, may play a more important role instead (Garvey, 1990; 
Gedamu and Zafarullah, 1993). Production of metallothionein is upregulated in cells 
upon heavy metal exposure but its exact functional role is still too complicated to be 
fully understood. In most of these studies, a cell-line model is commonly used. Upon 
challenge with 20 i^M Cd and 150 i^M Zn ion, upregulation ofHSP70 mRNA level 
was observed in the rainbow trout hepatoma (RTH) and chinook salmon embryonic 
cell lines (CHSE) O^rice-Haughey et al., 1986, Misra et aL, 1989). A dose-dependent 
elevation of HSPs level was demonstrated on the cell line of desert topminnow 
和 -
{Poeciliopsis hicida) after exposing to cadmium at different concentrations (Ryan and 
Hightower, 1994). 'Introduction ofHSP70 as a biomarker to assess the metal toxicity 
in teleost has been undertaken (Sanders and Martin, 1993; Ryan and Hightower, , 
1994), but there is an urgent need for a more background knowledge in this area of 
study. 
2.4.4.2 Handling stress-induced HSP70 expression 
Anthropogenic activities and fish farm management can give rise to certain 
stressful conditions to fish. These activities include transportation, handling, crowding 
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and sorting etc. Some classical parameters have been employed for a long time as an 
index for stress assessment. Serum levels of glucose, cortisol and adrenaline are the 
most common parameters that can reflect directly the physiology of fish upon acute 
stress. To date, no comment has been made on the use ofHSP70 as a bioindicator for 
such a physical stress. Indeed, some hints on its use has been provided. A relationship 
between the activity of the hypothalamic-pituitary-adrenal axis (HPA) and HSP70 
expression has been suggested (Blake et al., 1991). In an investigation of restraint 
stress on rats, using northern blotting and gel retardation techniques, the former 
analysis clearly showed a tissue-specific production of HSP70 mRNA in adrenal 
glands of restrained rats. Using the latter technique, strong HSE-binding activity was 
exhibited in adrenal glands especially in the restrained ones. In addition, injection of 
ACTH to hypothysectomized rats enhanced adrenal HSP70 mRNA production by 
many folds. All of these findings have put forward a relationship between the activity 
ofHPA axis and HSP70 expression in mammals. As adrenal gland is the target tissue 
of the HPA derived product, ACTH, tissue-specific induction of HSP70 in the 
adrenals seems to be reasonable. Whether the further release of hormone _ -
glucocorticoid from adrenal gland is involved in HSP70 production then becomes an 
interesting questioi^ The similarity between the mechanism of HSP70 induction by 
hypothalamus-pituitary-interrenal axis (HPI) in teleosts and mammals may imply that , 
a fundamental mechanism ofHSP70 induction exists throughout the vertebrates. 
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Fig. 2.1 Schematic diagram showing the putative reguIatiory mechanism of 
HSP70 by proteotoxic inducers 
(a) Normal Conditions (Non-stressful) 
Cytosol of cells hsp70 DNA 
(Transcriptionally inactive) 
_ ^ 
_ 鼻 HSE 
• ^ 顿 r ^ , 
1 ^ I — — b t ^ 1 
^ w ^ 
^ ^ u 
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Under non-stressful conditions, HSP70 forms the heterodimeric complex with heat 
shock factor (HSF). This complex is inactive in DNA binding. Hence，hsp70 
transcription remains silent. 
Key: *^  •-
@ HSP70 ^ ^ Heat shock 8 ^ ^ ^ HSF trimer 
‘ factor CHSF) ^ ¾ ^ 
^ ¾ native protein ^ ^ ^ Damaged protein 
• W MSF70 inducer 
Page 45 
(Cont'dtoFig. 2.1) 
(b) Stressful conditions 
Cytosol of cells hsp70 DNA 
(Transcriptionally active) 
tf^ ^ ^ 
Upon stressful conditions，damaged cellular proteins or HSP70 inducers and HSF 
compete for the cytosolic pool ofHSP70. Dissociation ofHSF-HSP70 complex appears 
readily. It favors the trimerization ofHSF as a DNA-binding form. Trimeric HSF binds 
to heat shock protein element (HSE) in hsp70 promotor and upregulates the transcriptional 
process ofhsp70. 
4^ . - . 
Key: ‘ 
® - 。 ^ 二 ； 臂 一 
^ ¾ native protein f ^ Damaged protein 
^ /HSP70 inducer 
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(cont'd ofFig. 2.1) 
(c) Recovery 
Cytosol of cells hsp70 DNA 
(Transcriptionally inactive) 
’ •，脅 
• & 丨 � _j 丨 
As the damaged proteins have been repaired (or removed) or the inducers have 
disminished, more HSP70 can be released back to cytosolic pool. HSF-HSP70 
complex re-association is favored whereas the HSF trimer dissociates from HSE. 
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Chapter 3: 
Induction ofHSP70 in blood cells of seabream, 
Sparus sarba subjected to in vivo 







Fish is an ectothermic vertebrate which is confronted with unstable daily or 
seasonal temperature fluctuations. To withstand the thermal changes, fish have 
different strategies to minimize the possible detrimental or lethal effect. Production of 
heat shock proteins OHtSPs) is one of the recognized heat shock response in not just 
fish, but also in other animals and plants. HSPs are defined as groups of proteins 
which emerge as a cellular response during thermal changes, especially heat stress 
OVlorimoto et al., 1990; Ellis and Vander Vies, 1991; Craig, and Gross, 1991). The 
proteins are then further classified into families according to their molecular sizes. 
Among the HSPs families, HSP70 is one of the best known HSPs. HSP70 is 
characterized by its highly conservative DNA and amino acid sequence among 
different organisms, from prokaryotes to eukaryotes (Lindquist and Craig, 1988). It is 
widely present in genetically diverse organisms. This can be a hint to the significant 
function of HSP70 in organisms but not the other families of HSPs. HSP70 exists in 
the cell as either a constitutive or inducible form. For the former, it is so-called heat 
I 私--
shock cognate 70 (HSC70). Functionally, it is primarily responsible for assisting the 
proper protein foldkig and participating in the oligomerization of steroid receptors in 
cells (Morimoto et al., 1990; Schlesinger et al., 1990; Smith and Toft, 1993; , 
Hutchison et al., 1994) . Inducible HSP70 is produced only in the presence of thermal 
stress or other inducer. It is believed that HSCVHSP70 can exhibit a cytoprotective 
function against protein damages due to heat stress (ParseIl and Lindquist, 1994; 
Jindal., 1996). Within the tolerance limit, the unfolded or non-native protein is 
recognized by HSC/HSP70, re-folded and then restored back to a competent 
conformation (Gething and Sambrook, 1992; Hartl, 1995). Elevation ofHSC/HSP70 
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can be triggered by accumulated denatured proteins, heavy metals, amino acid analogs 
and other chemicals (Voellmy, 1996). The abundance of HSP70 in organism is 
claimed to be positively correlated to its thermotoIerance ability (Craig, 1985; Li, 
1985; Li and Nussenzweig, 1996). In some review, the importance o f a persistently 
high level of HSP70 in organism post-stress or recovery period was proposed 
(Johnston and Kucey, 1988). The transient protection and recovery of denatured 
proteins due to acute thermal stress can improve the survivorship of organisms 
(Sanchez and Lindquist, 1990; Parsell and Lindquist, 1994; Li and Nussenzweig, 
1996). 
Regulation of HSP70 gene expression by temperature has been suggested 
recently (Craig and Gross, 1991). A particular temperature threshold may define the 
induction of HSP70 in organisms. Whether or not HSP70 induction temperature is 
pre-set by genetic information or dependent on environmental change is still remained 
unknown. Control of HSP70 production at the molecular level has been studied and 
discussed (Craig and Gross, 1991; Gedamu and Zafarullah, 1993; Vollemy, 1996). 
私 -
However, the details are little known in fish. In order to find out the functional role of 
HSP70 in thermotoIerance of fish, further characterization of HSP70 induction is 
essential. , 
In this experiment, blood cells from golden-line seabream, Sparus sarba is 
employed as a model for study. Blood cells are obtained from fish acclimated to 
different temperatures. Subsequent thermal challenge is then applied both in vitro and 
in vivo. These studies aim to elucidate, firstly, the time course and induction profile of 
HSP70 in blood cells subjected to different thermal stress; secondly, the effect of 
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acclimation temperature of fish on the threshold induction temperature of HSP70 in 
blood cells and thirdly，HSP70 induction in blood cells subjected to in vivo and in vitro 
heat stress. Finally, the regulation ofHSP70 synthesis in blood cells is discussed. All 
these information can help to clarify the characteristics ofHSP70 induction in fish and 






3.2 Materials and Methods 
3.2.1 Overall experimental design 
In this experiment, a whole blood cell preparation was used as a model to 
study the induction of HSP70 in seabream subjected to in vivo and in vitro thermal 
stress. In the first part, the time course of HSP70 induction in blood cells under 
different in vitro thermal stress conditions was studied. Blood was drawn from fish 
acclimated to (a) 26�C (5 weeks), the average temperature in summer-time, (b) 20�C 
(5 weeks) and (c) 18�C (5 weeks) (d) 15�C (5 weeks). 
Secondly, an in vivo hyperthermic challenge on 20^C-acclimated fish was 
studied. The results in this experiment were then compared with that in the invitro 
one. It aims to illustrate whether the heat shock response is the same in in vivo as in 
in vitro treatment. This can provide concrete evidence to propose the use of isolated 
blood cells as an experimental model. Finally, focus was put on the transcriptional 
和 -
inhibitory effect of actinomycin D on blood cells from fish acclimated to 15�C. From 
this experiment, the regulatory mechanism of HSP70 synthesis can be implicated. 
Putative HSP70 in blood cells was extracted and resolved by gel electrophoresis. , 
Further analysis including both western blot analysis and radioactive amino acid 
labelling techniques were employed, in order to show the differential expression 
pattern ofHSP70 in blood cells 
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3.2.2 Fish 
Sea bream, Sparus sarba, was obtained from one of the commercial fish 
farms located near Sai Kung in Hong Kong. About 100 fish were transported with 
seawater from the site by speedy boat to the Marine Science Laboratory ^VlSL) within 
2 hours. After arrival, they were then transferred into a 5-tonne tank as stock. 
Seawater in the tank was pumped from Tolo Harbour and well-filtered. Fish were 
acclimated to these conditions for 4 or more weeks prior to experiments. They were 
fed an artificial fish food (Woo and Kelly, 1995) ad lib. once everyday. In summer, 
fish were acclimated at 26�C. Fish weighing between 80-150g were used for in vitro 
experiments and fish weighing between 20-30g were used for in vivo experiments. The 
acclimation temperature in winter varied between 15°C to 20�C，depending on weather 
conditions. 
3.2.3 BIood Sampling 
和 -
After a minimum acclimation period of 5 weeks at a particular temperature, 
fish were caught by net quickly from stock tank and blood sampling was finished 
within 3 minutes. Syringes containing 0.1 ml of 10% heparin (sodium salt; Sigma) in , 
0.85% saline solution was used to draw 1 ml of whole blood from each fish. Blood 
from 5 to 8 fish was pooled together in each experiment. 
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3.2.4 Preparation of blood cells 
A 0.5 ml aliquot ofheparinized blood was pipeted to 1.5 ml eppendorftube. 
Blood cells were obtained by centrifuging at 6500 rpm for a few seconds and then 
removing the supematant. Cells were washed with 1 ml of methionine-free Minimal 
Essential Medium (MEM(-met); Gibco). Finally, blood cells were pelleted and re-
suspended in 1 ml fresh MEM(-met) for subsequent experimental use. 
3.2.5 Thermal stress regimes 
3.2.5.1 Time course ofHSP70 induction profile in blood cells after in vitro 
exposure to thermal stress 
Blood cells obtained from fish acclimated to 26°C were suspended in MEM(-
met) and incubated firstly for one hour at 26°C as control or at 4�C，32�C，40�C as 
thermal stress treatment groups. After the initial hour of incubation, for those samples 
to be analysed by Western blotting method, blood cells were washed, collected and re-
和 -
suspended in 0.3 ml of complete minimal essential medium (MEM(+)met; Gibco) 
instead of the original MEM(-met). For the radioactive labelling group, tubes received 
20ul of35s-methionine and 0.3 ml MEM(-met) (Total radioactivity =100 pCi/ml of 
^ 
medium). Non-radioactive and radioactive labelled blood cells were allowed to 
recover at 26°C in all tubes for 1，2, 4 or 19 hours. Blood cells were finally lysed in 
0.2 ml of BUS solution (2% P-mercaptoethanol, 10M urea, 1% sodium dodecyl 
sulfate) by sonication for 1 minute (Branson 500). All samples were then frozen in 
liquid nitrogen and stored at -70°C for later analysis. 
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The experiment was repeated for blood cells obtained from fish acclimated to 
15, 18 and 20�C. Similar procedures of non-radioactive labelling experiment stated 
above were repeated on blood cells from 18 and 20�C-acclimated fish. For the blood 
cells obtained from 15 and 20�C-acclimated fish, radioactive labelling procedures were 
conducted as mentioned above. The temperature treatment and recovery period were 
slightly deviated in individual experiments while the different treatment regimes were 
specified in the corresponding part of results. 
3.2.5.2 HSP70 synthesis in blood cells taken from fish subjected to in vivo 
hyperthermic stress 
Fish weighing between 20-30g were acclimated to 20�C for 4 weeks. Prior 
to an experiment, three fish were acclimated to an experimental chamber containing 3 
L of seawater overnight. Water temperature in the chamber was increased at a rate of 
about 0.2°C/min until the desired temperature was attained. They were 20°C for the 
control and 26, 32 and 35°C for the hyperthermic stress treatment groups. After an 
exposure period of 2 hours, fish were brought back to control temperature (20�C) for 
*^  -
a 1 hour-recovery. Blood was then sampled from fish within a treatment group and 
pooled as a single sample. All procedures for blood cell pelleting, washing and lysis 
were as given in section 3.2.5.1. Finally, samples were frozen in liquid nitrogen and , 
stored at -70°C until use. 
3.2.5.3 Transcriptional inhibitory effect of actinomycin D on the synthesis of 
HSP70 in blood cells subjected to in vitro thermal stress 
For this experiment, blood from only the 15°C-acclimated fish were used. 
For all treatments, 2 sets of tubes were prepared. One set received 5 v^ gAnl 
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actinomycin D (Sigma) for 30 min prior to the subsequent thermal treatment. The 
other set of tubes was left standing for 30 min and then subjected to the same thermal 
stress treatment. All tubes were then incubated at 8, 15, 25 and 32�C for 2 hours while 
the radioactive labelling procedure was the same as in section 3.2.5.1. Finally, they 
were allowed a 1-hour recovery period and blood cells were then lysed in BUS 
solution and stored at -70°C as mentioned. 
3.2.6 Protein analysis 
Lysed blood cells were homogenized in 1:1 ratio with homogenization buffer 
(2%SDS, 1 mM phenylmethylsulfonyl fluoride (PMSF), 32 mM Tris-Cl pH7.2) by 
mini-motor pestle (Sigma). After boiling for 1 min followed by a 1 min-sonication, 
samples were centrifuged at 14,000g for 10 min at room temperature. The 
supernatant was collected and protein concentration was quantified by the dye-binding 
method ofBradford (1976). A 20 ^1 of sample homogenate was hydrolyzed in 80 ^1 
of 0. lN NaOH for 3 hours. Afterthen, a 20 |al of the digested sample was mix with 1 
私 - • 
ml Bradford reagent in eppendorf tube (0.04% Brilliant Blue G250, 5% ethanol 
(96%), 10% H3PO4 (85%). All the sample mixture was finally read by 
spectrophotometer (Milton-Roy, Spectronic 3000) at wavelength 595 nm within 40 , 
min after mixing. Quantification of total protein in each sample was achieved by 
calibrating with standard curve on bovine serum albumin OBSA; Sigma) in the range of 
concentration from 0 to 10 mg/ml. 
Page 56 
3.2.7 Gel electrophoresis 
One-dimensional sodium dodecyl-suIphate polyacryIamide gel electrophoresis 
(SDS-PAGE) technique was applied to resolve proteins of different molecular 
weights. Samples were firstly mixed with the same volume ofloading buffer (100 mM 
Tris-Cl, pH6.8, 10% SDS, 10% p-mercaptoethanol, 20% glycerol, 0.1% bromophenol 
blue) and heated for 4 min in boiling water bath. From each sample, 50^g of total 
protein were then loaded into each lane in order to make the results comparable. 
For the non-radioactive labeled samples, 7.5% SDS polyacryIamide gel was 
used while for the radioactive labeled ones, 12% SDS-polyacryIamide gel was used 
instead. On the other hand, one lane of each gel was left for the co-electrophoresis of 
a high-molecular weight markers (Sigma). Thus, the molecular weight of each sample 
proteins can be determined. Gels were electrophoresed by mini-gel slab (Bio-Rad) for 
50 min at 160V. Analysis by either immunoblotting (Westem blot) or 
autoradiographic methods were then followed. *^  -
3.2.8 Immunoblotting (Western bIot analysis) 
, 
After resolving on SDS-polyacrylamide gel, the non-radioactive labeled 
proteins were transferred onto a nitrocellulose membranes (0.45^im, Bio-Rad) by 
electrotransfer cell (Bio-Rad) for 1 hour at 100V. Finished membranes were then 
soaked in Tris-bufFered saline (TBS) with 3% skimmed milk powder (0.12% Tris-CI, 
0.87% NaCl, 3% skimmed milk powder) (TBS-milk) for at least one hour. 
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Membranes were subsequently incubated for 1 hour in anti-mouse HSP70 monoclonal 
antiserum (Sigma) (1:500 dilution in TBS milk). After washing with TBS-milk for 1 
hour, secondary antibody of antimouse IgG horseradish peroxidase (HRP) conjugate 
(Sigma) (1:1000 dilution in TBS milk) was used to probe the target protein complex 
on the membrane. Steps of 1 hour washing in TBS milk and 15 minutes washing in 
TBS followed. By adding TMB (3，3，，5，5，-tetramethylbenzidene) stabilized HRP 
substrate (Promega) directly to the drained membranes and incubated for 5-10 min in 
darkness, the putative HSP70 immobilized on it was visualized as green bands. 
Reaction was stopped by flushing with distilled water, and dried by air. Relative 
optical density (Rel. OD) of protein bands were then measured by image densitometer 
(GS-670, Bio-Rad). 
3.2.9 Autoradiography 
Gels with resolved ^^ S methionine labeled proteins were dried by slab gel dryer 
^io-Rad) for 3 hours at 80�C. After cooling for 1 hour, gels were removed and 
clamped on X-ray film (Kodak) in an intensifying cassette (Kodak). Films were 
exposed for 5-14 d^ys depending on the intensity of radioactive labelling. Films were 




3.3.1 Time course of HSP70 induction profile in bIood cells subjected to in 
vitro thermal treatments 
3.3.1.1 Results ofimmunoblotting from blood cells of fish acclimated to 26�C 
In this part of the experiment, time course ofHSP70 induction profile in blood 
cells subjected to thermal stress was observed. Using immunoblotting, HSP70 in 
blood cells after exposure to various temperatures and recovery periods were 
visualized as bands on nitrocellulose membranes (Fig. 3.1a and b). The relative optical 
density (Rel. OD) of each band was estimated and compared by image densitometer. 
Results were presented as in Fig 3.1c . When compared to the 26°C-control group, a 
substantial elevation of HSP70 was noticed in blood cells subjected to 32°C-
hyperthermic stress. Though the induction was less intense in the blood cells exposed 
to 40�C-heat stress, HSP70 amount was still higher than that of the control group. 
Fluctuation of HSP70 level appeared in the 4°C hypothermicaIly-stressed group but it 
^--
was not comparable to the levels in the hyperthermic ones (Fig 3.1c). 
Production jof HSP70 in blood cells peaked at around 1 to 2 hours after 
exposure to 32�C (Fig.3.1c). HSP70 content was 10-folds or more higher than the jf 
control group in the same recovery period of time. HSP70 in 32°C-stressed blood 
cells remained at a high level in the subsequent hours, and was even noticeable at 19 
hours post-stress. At 40°C, peak ofHSP70 synthesis in blood cells occurred at around 
2 to 4 hours after stress. In this group, an obvious decline appeared after 19 hours 
recovery. Apparently, elevation of HSP70 level at 40°C was much lower than the 
group ofbIood cells subjected to 32°C-heat stress. 
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In contrast, 4°C-hypothermic stress led to an only slight upregulation of 
HSP70 level in blood cells. No observable HSP70 was present in blood cells incubated 
at 4°C and 26�C after 4 to 19 hours of recovery. 
3.3.1.2 Results ofimmunoblotting in blood cells from 18°C-acclimated fish 
Blood cells from 18�C-acclimated fish showed similar results (Fig 3.2a and b), 
but in a less dramatic pattern. No induction of HSP70 was found in blood cells 
subjected to 26°C-heat stress after 1 hour-recovery. When compared with the control 
group (18°C), there was only a less than 1 fold increase in the amount of HSP70 in 
blood cells subjected to 32�C-hyperthermic stress(Fig 3.2b). In 37�C-stressed group, 
amount ofHSP70 dropped slightly back to a lower level. 
3.3.1.3 Results of immunoblotting in blood cells from fish acclimated to 20°C 
As a whole, blood cells from 20�C-acclimated fish responded in more or less 
the same way as that from the 26°C-acclimated fish (Fig. 3.3). When compared with 
the 20°C-control group, stronger bands ofHSP70 were found on the blot with blood 
和..-




3.3.1.4 ^^S-methionine labelling o f d e novo protein synthesis in blood cells off ish 
acclimated to 15 and 20°C 
In the experiment of^^S-methionine labelling, de novo synthesis of protein at 
60 and 70kDa were found in blood cells from 20°C-acclimated fish (Fig 3.4). Peak of 
production was attained at around 2 hours post-stress in the 32T-heat stressed group. 
As shown in the autoradiograph, however, the bands disappeared after 4 hours 
recovery. On the other hand, in blood cells of 15°C-accIimated fish, 70kDa protein 
was newly synthesized 1 hour after the same 32�C-hyperthermic treatment (Fig. 3.5). 
No HSP70 band could be observed in blood cells subjected to 8°C-hypothermic stress, 
control temperature (15°C) , and 25T-hyperthermic stress. The results from both of 
the radioactive labelling analysis above showed a similar induction temperature of the 
70kDa protein at 32°C. 
3.3.2 BIood cell HSP70 levels in 20"C-accIimated fish subjected to in vivo 
hyperthermic stress 
和 -
The induction ofHSP70 in blood cells of fish subjected to in vivo hyperthermic 
stress were shown as immunobIot in Fig. 3.6. Bands of HSP70 were dominant in the 
group subjected to 32°C-heat stress. A comparatively lesser amount of which was , 
noticed in the 36°C-heat stressed group. That means, the findings were by and large 
comparable to the in vitro heat shock studies on blood cells taken from fish acclimated 
at the same temperature of20°C. 
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3.3.3 Transcriptional inhibitory effect of actinomycin D on HSP70 induction in 
blood cells subjected to in vitro thermal stress 
In this experiment, blood cells treated with 5]jgAnl actinomycin D prior to in 
vitro thermal stress was compared with the blood cells without supplementation. For 
the blood cells without actinomycin D, a 70kDa protein band occurred only after 32°C 
heat-stress. Upon prior treatment with actinomycin D, no de novo synthesis ofprotein 
was shown on the autoradiograph (Fig. 3.7). De novo synthesis of protein at 70kDa 
due to heat stress, 32°C in this experiment, was completely blocked by the action of 





Fig 3.1a and b: Immunoblots showing the induction profile of HSP70 in 
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_ 
, B l o o d cells subjected to incubation at different temperatures were then recovered at 26oC 
for 1，2,4 and 19 h respectively. In each lane, a same amount of 50^g total protein was 
loaded from each sample. Standard HSP70 (0.1 p,g) was employed in parallel in the 
analysis as a reference to the position and intensity of HSP70 bands shown in different 
samples. 
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Fig. 3.1c: Densitometric analysis of the immunoblots in Fig.3.1a and b 
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Fig. 3.2a Immunoblot showing the HSP70 induction in blood cells 
from 18"C-acclimated seabream (26�c) subjected to 
heat stress at 26，32 and 37<>C. 
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In each lane, a same amount of 50 ^g total protein was loaded from each sample. 
Standard HSP70 (0.1 p,g) was employed in parallel in the analysis as a reference 





Fig. 3.2b: Densitometric analysis of the immunoblot in Fig. 3.2a 
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Fig. 3.3: Immunoblot showing the induction of HSP70 in blood 
cells from 20oC-acclimated seabream subjected to 2hours 
in vitro heat stress. 
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Blood cells subjected to thermal stress were then followed by a recovery 
period of 1 hour in control temperature (20oQ. 
Note that lane 1, 2 and 3 are the protein samples from 20°C-treated 
groups while lane 4，5 and 6 are which from the 32�C-treated groups. 
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Fig. 3.4 Autoradiograph showing the de novo synthesis of proteins in 
blood cells of seabream subjected to in vitro hyperthermic 
stress 
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After cells were subjected to 20�C (control) and 32�C in vitro heat stress, they 
, were recovered in control temperature (20�C). The time of recovery was given 
in parentheses. Note that proteins of 60 and 70kDa appeared only in lane 2. 
In each lane, a same amount of 50 i^g total protein was loaded from each 
sample. 
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Fig. 3.5 Autoradiograph showing de novo protein synthesis in 
thermally-stressed blood cells taken from 15�C-acclimated 
seabream 
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Note the protein band of 70kDa appeared in lane 7 and 8 which are 
synthesized newly after the groups ofblood cells are subjected to 32®C-
heat stress. It was not found in the other lane which contain samples 
from the 8°C, 15�C and 25�C thermal treatments. 
和、• 




Fig. 3.6: ImmunobIot showing the induction ofHSP70 in bIood ceIIs 
taken from 20®C-acclimated seabream subjected to 2 hours in 
vivo heat stress 
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Fish subjected to thermal treatments were then recovered at control 
temperature (20°C) for 1 h. Blood cells were taken from fish finally 
for immunoblotting analysis. 
• ^ -
Note the lanes 1 and 2 are the protein samples from 20^C-treated 
group while lanes 3 and 4，5 and 6 are the protein samples from 32®C 
and 3'6^C-treated groups respectively. 
In each lane, a same amount of 50^ig total protein from each sample 
, was loaded. 
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Fig. 3.7 Autoradiograph showing the effect of actinmycin D on the putative 
HSP70 synthesis in blood cells 
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Half of the blood cell sample from 15oC-acclimated fish was subjected to 
thermal stress directly at 8，26 and 32oC without additon of actinomycin D 
(-ACD). Another half of the blood cell sample was treated with 5p,g/mI of 
- - actinomycin D for 30 min prior to thermal treatment (+ACD). 
In lane 7，de novo synthesis of a 70kDa protein band appeared in the group 
ofblood c^ls subjected to 32°C-heat stress (arrow indicate the position of 
de novo synthesized protein band in lane 7). In lane 8，blood cells treated 
with actinomycin D prior to 32oC heat stress results in the disapearance of 
, the 70kDa protein band. 




In this study, blood cells from seabream acclimated to different temperatures 
were used. Induction ofHSP70 in blood cells was analysed in each of the in vitro and 
in vivo thermal treatment groups. The results are concluded and discussed in this part 
under the topics of: (a) Characteristics ofHSP70 induction in blood cells of seabream 
subjected to in vitro temperature stress (b) Comparison ofHSP70 induction in in vitro 
and in vivo thermal treatment on blood cells (c) Effect of transcription inhibitor, 
actinomycin D, on de novo HSP70 synthesis. 
3.4.1 Characteristics of HSP70 induction in bIood cells of seabream subjected 
to in vitro temperature stress 
3.4.1.1 Induction profile ofHSP70 in blood cells 
Referring to the results obtained, blood cells isolated from fish were responsive 
to acute temperature change. Consistent results were observed in repeated 
私 - • 
experiments. HSP70 content in blood cells was upreguIated when blood cells were 
exposed to a particular temperature which was higher than its pre-adapted one. In the 
blood cells of seabream acclimated to 18, 20 and 26°C, a constitutive level of HSP70 , 
was found and revealed by immunoblotting ^Fig. 3.1a，3.2a and 3.3). However, after 
exposure to 32°C-hyperthermic stress, HSP70 content in blood cells was increased 
substantially. Supportive evidence was given further from the radioactive labelling 
experiment on blood cells of 15°C- and 20�C-acdimated fish. De novo synthesis of 
protein at 70kDa was found in the blood cells subjected to in vitro hyperthermic stress 
at 32�C (Fig. 3.4 and 3.5), This induction temperature was consistently found in the 
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experiments of thermal challenge on isolated blood cells of seabream, Sparus sarba . 
These results indicate that, the threshold induction temperature for HSP70 synthesis in 
blood cells of sea bream was 32°C. In many previous studies, the threshold induction 
temperature in blood cells of fish were reported. Experiment on stenothermal teleost 
rainbow trout showed that, heat shock on blood cells between temperature 20 to 25°C 
induced the HSP70 level substantially (Currie and Tufts, 1997). In the eurythermal 
teleost killifish, Fundulus heteroclitus, the threshold induction temperature in blood 
cells was 32.5°C (Koban et al., 1991). It seems that, temperature for the initial 
induction of HSP70 in fish varies. Differences may arise from factors of acclimation 
temperature (Koban et ai, 1987)，species and tissues (Dietz and Somero, 1993; Koban 
et al., 1991) etc. Details about the effect of acclimation temperature are discussed in 
the following parts. 
In the groups ofblood cells subjected to a higher temperature treatment of37 
or 40°C, elevation of HSP70 was less intense (Fig. 3.1c, 3.2b). Nonetheless, the 
amount of HSP70 in these groups was still higher than that of the control group. 
Similar results were reported in some previous studies. In fish buffalo sculpin 
"^  -
{Enophrys bison), decline of HSP70 level was claimed for the liver, brain and gill 
temperature treatments beyond the threshold induction temperature (Dietz and 
Somero, 1993). However, in blood cells and hepatocytes of killifish，elevation of , 
HSP70 content continued at temperature beyond 32.5°C, the threshold induction 
temperature. That is, in some fish, the threshold induction temperature is coupled to 
the maximum induction of HSP70 but some does not. Referring to the result of these 
studies, seabream should be a typical example of the former case. Beyond 32�C， 
induction of HSP70 in blood cells of seabream was noticeably attenuated (Fig. 3.1c 
and Fig. 3.2a) 
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For the hypothermic treatments, no significant induction ofHSP70 is found in 
our studies. Regarding results in immunoblotting analysis, fluctuation of HSP70 
content was found in groups of blood cells subjected to 4�C-hypothermic stress, 
however, it is far less than which in the hyperthermically-stressed groups (Fig. 3.1c). 
Though there was a difference of 22�C with the control group, 4�C acute cold shock 
failed to induce the marked HSP70 production as observed in the 32�C-stressed group. 
It must be emphasized that there was only 6�C-difference between the latter and the 
control group. Similar results were found in the radioactive labelling analysis. 8�C-
hypothermic stress failed to induce the de novo synthesis of 70kDa protein while this 
protein was found in the 32-°C hyperthermically-treated group (Fig. 3.5). Few reports 
have been addressed the effect of cold stress on HSP70 synthesis. In an experiment on 
rainbow trout fibroblasts cell-line, lowering of incubation temperature from 22T to 
5°C and 0�C resulted in no induction ofHSP70 (Mosser et al., 1986). 
From the evidences above, the absolute temperature difference may not be the 
essential factor for HSP70 induction. In the blood cells of 18�C-acclimated fish，26�C-
hyperthermic stress failed to increase HSP70 amount, even there was a difference of ^ -
8°C between them. In the radioactive labelling experiment, there was a difference of 
10°C between 15°C'control group and 25°C-heat stressed group. However, de novo 
synthesis of HSP70 did not appeared until the group of blood cells were subjected to 
身 
32°C-hyperthermic treatment. Apparently, absolute temperature differences were not 
the determining factor for HSP70 induction in blood cells. Instead, the pre-set 
threshold induction temperature seems to play a main role. It is supported by the 
findings in our study that only hyperthermic stress at 32°C can induce the HSP70 in 
blood cells. 
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It is proposed that if the threshold induction temperature of HSP70 is 
correlated to the thermotolerance of seabream. Although the limits of temperature 
tolerance of the golden-line seabream have not been studied, data for a related sparid, 
the red sea bream {Chrysophrys major) are known. The lower and upper incipient 
lethal temperatures for the red sea bream are 5 and 32°C respectively (Woo and Fung, 
1980). Since the golden-line seabream is closely related the red sea bream, it may be 
appropriate to assume that the temperature tolerance limits are similar in these two 
species. As the threshold induction temperature of HSP70 in blood cells of goIden-
line sea bream is presumably at 32�C，the finding in our study of hyper- and 
hypothermic stress on blood cells seems to be compromised to this idea. It was 
suggested that, synthesis of HSP70 should start at temperature slightly beyond upper 
incipient lethal tolerance limit but not at lower temperature tolerance limit. It seems 
that the induction ofHSP70 is restricted only to heat stress at a particular temperature 
and it does not appear in cold treatment. 
3.4.1.2 Time course ofHSP70 induction in blood cells ^ •-
In addition, as observed in the time course of induction profile shown in both 
immunoblotting (Fig. 3.1 a, b and c) and autoradiographic analysis in this study (Fig. 
3.4 and 3.5), HSP70 production peaked at around 1 to 2 hours after 32- or 40�C-heat , 
stress. A gradual decline of HSP70 amount was shown in these groups of blood cells 
after the production peak ^¾. 3.1 c). However, a relatively high level ofHSP70 
remained in 32°C-stressed group after 19 hours-recovery at control temperature (Fig. 
3.1 b). 
The time course of HSP70 induction was studied in many previous research. 
For the 20°C-incubated Chinook salmon embryo cells, induction of de novo protein at 
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70kDa peaked at 2 hours after 24°C heat stress. In the 28°C-hyperthermically stressed 
group, maximal was attained at around 1 hour post-stress (Gedamu et al.，1983). In 
the experiment on rainbow trout cell-line, cells at 22�C incubation generated the 
maximum HSP70 synthesis at 2 hours after 28°C-hyperthermic stress (Mosser et al., 
1986). To conclude, the induction ofHSP70 in cell-line of fish is maximized at 1 to 2 
hours post-stress. The findings obtained from our study on the time course ofHSP70 
induction profile in blood cells was similar to the reports above. On the other hand, in 
our study, the period for restoring HSP70 from maximum to control level should be 
more than 19 hours (Fig. 3.1c). Referring to the studies mentioned above, time 
period for recovery varies from 10 hours to 24 hours. The presence ofHSP70 in cells 
during recovery phase after acute temperature stress was addressed in previous reports 
(Johnston and Kucey, 1988). The persistently high level ofHSP70 existed in these 
groups may implicate the significance of HSP70 in protection and recovery of blood 
cells from cytological damages due to detrimental heat stress. 
3.4.1.3 Effect of acclimation temperature of fish on the induction ofHSP70 
Focus of discussion is then switched to the effect of fish acclimation 
temperature on the induction of HSP70 in blood cells. Firstly, it is interesting to find 
out whether the pre-adaptation of fish in different temperatures can alter the threshold 
jr 
induction temperature of HSP70 in cells. In this study, fish acclimated to different 
temperature at 18，20 and 26°C were employed. Experiments of in vitro thermal 
challenge were conducted on the blood cells isolated from the above fish and the 
results were compared. Surprisingly, the threshold induction temperature of HSP70 
seems to be unaffected by the pre-acclimation temperature of fish. For 18，20 or 26�C 
acclimated fish， the threshold induction temperature of HSP70 in blood cells was 
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found to be the same at around 32�C (Fig. 3.1，3.2 and 3.3). In another radioactive 
labelling experiment, for the blood cells obtained from 15�C and 20�C-acclimated fish, 
de novo synthesis of 70kDa were shown after an in vitro heat stress at 32�C. Both of 
these experiment has brought to a conclusion that, the acclimation temperature offish 
is of no effect on the shifting of threshold induction temperature of HSP70. 
However, different result was found in a similar studies. In the in vivo thermal 
challenge experiment, eurythermal goby fish (genus Gillichthys) acclimated to 26°C 
had the threshold induction temperature at 32°C. Results of the repeated experiment 
on fish acclimatized from 26°C to 18°C were different. After 5-week acclimatization 
at 18°C, the threshold induction temperature of HSP90 was lowered to 28�C. 
Conclusion was drawn that the threshold induction temperature of heat shock protein 
was altered by the acclimatization process (Dietz and Somero, 1992). 
In contrast, the findings in another experiment opposed to it. Hepatocytes 
were obtained from channel catfish acclimated to different temperatures of 7, 15, and 
25°C. After the challenging on cells with a range of temperature, the threshold 
induction temperature ofHSPs in each of the group was same. It was argued with the 
*^ .-
evidence from results that production of heat shock protein is genetically-controlled, 
instead of environmpntally-controlled (Koban, 1987). In case of our study, the results 
seems to agree with this conclusions. Isolated blood cells performed the heat stress , 
response disregarding to the acclimation temperature of fish. However, it must be 
noticed that, receiving the same hyperthermic stress at 32°C, blood cells obtained from 
18°C-acclimated fish exhibit HSP70 induction in a less intense way than which from 
the 26°C-acclimated fish (Fig. 3.1c and Fig. 3.2b). It is questionable that whether 
such a difference is caused by the acclimation temperature. Nonetheless, it should be 
taken into account that, in experiment on channel catfish hepatocytes, acclimation 
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temperature had the effect of shifting the temperature for maximum HSPs synthesis 
(Koban, 1987). 
All in all, the thermal stress responses shown in the experiment above were 
specific only to hyperthermic treatment at a particular temperature. Induction of 
HSP70 in blood cells by hypothermic stress was weak or, insignificant. As discussed 
above, 32�C is a common temperature which render the HSP70 induction in blood 
cells obtained from fish acclimated to different temperature regimes. Furthermore, it 
is not the temperature difference which render the induction of HSP70. Instead, a 
particular temperature on the margin of upper tolerance limit of fish may be likely pre-
set as the initiation of HSP70 synthesis. Referring to our findings, acclimation 
temperature of fish was proven to be unrelated to the setting of threshold induction 
temperature in blood cells. Presumably, genetic information of cells/organism plays 
an important role in this regulatory mechanism. In turn, the genetic make up of 
organism can be subjected to the evolutionary history and related to the long-term 
adaptation to its own habitat (Deitz and Somero, 1992 and 1993). 
^ -
3.4.2 Comparison of HSP70 induction in in vitro and in vivo thermal treatment 
on blood cells 
, 
To identify whether there is any difference in the induction of HSP70 between 
in vitro and in vivo temperature challenges, same temperature treatment regimes were 
applied on both in vitro and in vivo experiment. When compare the induction pattern 
ofHSP70 in these two experiments, similar trend was found. In both in vitro and in 
vivo experiment, HSP70 induction occurred in blood cells subjected to 32�C-
hyperthermic stress. Comparing with the 20°C-controI group, darker bands can be 
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observed in the 32�C-treated group on immunoblots, (Fig 3.3 and Fig. 3.6). In simple 
words, induction ofHSP70 in blood cells are characteristically similar in both in vitro 
and in vivo temperature stress. Same threshold induction temperature of HSP70 at 
32°C in these two experiment can be a convincing evidence. In the experiment of 
thermal treatment on quail, the heat shock response in isolated blood cells were also 
documented to be the same as the response in situ (Dean and Atkinson, 1985). It is 
supposed that, other information found in the in vitro experiment may also applicable 
on the in vivo one. The heat stress response in blood cells is plausibly more or less the 
same in fish body as in isolated test-tube conditions. Since a responsive pattern ofheat 
stress response is found in this study, blood cells are suggested to be a desirable model 
in experimental investigation. For it may simulate the stress response in in vivo 
environment, the use of isolated blood cells instead of whole fish is favorable for a 
better experimental control and manipulation. Similar applications of blood cells on 
the experiment of temperature stress were successful in oyster (Tirard et al., 1995), 
fish (Koban et al, 1991; Currie and Tufts, 1997) and quail (Dean and Atkinson, 1985). 
The novel findings in this study on HSP70 induction profile in blood cells, its threshold 
和-
induction temperature and the inter-relationship between pre-acclimation temperature 
of fish and the subsequent HSP70 induction by thermal stress, has forwarded the 
related perspectives in fish. Furthermore, the suggestion of using other tissue/organ , 
from organism for experimental use was made. Organs such as liver, gill, brain, heart 
and muscle can be isolated from fish to perform as a individual model. Satisfactory 
results were obtained and reported in some previous studies (Koban et al., 1991; Dietz 
and Somero, 1993). By this, more specific information for the direct effect of a testing 
chemical or stress on the target tissues/organs can be available. Thus, further 
experiment on the use of different isolated organs from fish is an interesting topic. 
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3.4.3 EfTect of transcriptional inhibitor, actinomycin D， on the de novo 
synthesis ofHSP70 
In this experiment, compared with 15�C-control group, blood cells subjected to 
temperature stress at 8 and 25°C have no de novo synthesis of proteins. De novo 
protein band at 70kDa appeared only in 32°C-treated blood cells (Fig. 3.7). The 
results were agreed with the previous findings in section 3.4.1. However, in the group 
of blood cells which was supplemented with 5pg/ml of actinomycin D prior to 
temperature challenge, no protein band can be found. This results implicate the 
blocking action of actinomycin D on the de novo synthesis of 70kDa protein. As we 
know, actinomycin D is a metabolic inhibitor which block the proteins synthesis at 
transcriptional stage. By the application of actinomycin D, messenger RNA (mRNA) 
in cell of organism cannot be transcribed from DNA template. In case, translation of 
mRNA to protein peptide and thus the protein formation will be ceased. As the 
production of cellular proteins can be regulated at transcriptional stage, transIational 
stage (or post-transcriptional stage) or both, use of actinomycin D may help to show 
和-
the regulation level of putative HSP70. If the production of HSP70 is regulated at 
post-transcriptional t>r transIational level, the presence of actinomycin D will just block 
the transcriptional process upstream but not render the cessation of de novo protein 
, 
synthesis (Fig. 3.8). New HSP70 can be produced by the pre-existing pool of mRNA 
in cell. However, if the production of a HSP70 is regulated at transcriptional level, 
the transcription process of mRNA will be blocked. Subsequently, no protein can be 
synthesized newly. Regarding to the result of this experiment, de novo synthesis of 
protein at 70 kDa disappeared in blood cells supplemented with actinomycin D (Fig. 
3.9). It seems that, according to the hypothesis above, the regulation level ofHSP70 
Page 80 
synthesis in blood cells is primarily in transcriptional stage. Similar experiments 
reported previously which vary in their conclusions. In rainbow trout, synthesis of 
HSP70 in blood cells was claimed to be at level of transcription (Currie and Tufts, 
V 
1997)，same as the result in our study. Experiment result in killifish suggested a 
translational regulation ofHSP70 synthesis in blood cells (Koban et al, 1991). In 
another taxa of animal, quail, the regulation level was claimed at transcriptional stage 
(Atkinson and Dean, 1984). Control ofHSP70 synthesis by a mixed of these two 
levels were also suggested (Kothary and Candido, 1982; Kothary et al, 1984). 
Apparently, the level of HSP70 regulation and control may varies greatly while 





Fig. 3.1 PostuIation on the effect of transcriptional inhibition by 
actinomycin D in heat shock protein production at two 
regulatory levels : 
(a) transcriptional level and (b) transIationaI IeveI. 
(a) Stress-mediated regulation ofHSP70 induction at transcriptional level 
HSP70 Trattscription ^ ( ^ ® ^ ) 
Actinomycin D • • • • • • • • 




De novo HSP70 synthesis X 
In system (a), induction ofHSP70 mediated by stress at the transcriptional level, 
’ actinomycin D inhibits the transcriptional process ofHSP70. It leads to the 
cessation ofHSP70 translation in the following step. In this case, no de novo 






(b) Stress-mediated regulation ofHSP70 induction at translational level 
HSP70 Transcription 
Actinomycin D • • • • • , • • • 
• • • • • _ • • 
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In system (b), induction ofHSP70 mediated by stress at the translational level. 
Actinomycin D blocks the transcriptional process upstream. This can not affect 
the transient stress-mediated upregulation ofHSP70 synthesis. Existing pool of 
HSP70 mRNA allows the synthesis ofHSP70 in response to stress. Hence， 




In this chapter, the efFect ofHSP70 in blood cells of seabream subjected to in 
vivo and in vitro thermal stress were investigated. By immunoblotting analysis, in the 
in vitro experiment, production ofHSP70 was found in blood cells subjected to 32°C-
heat stress. It was the same in the repeated experiments on blood cells obtained from 
18-, 20- and 26°C-acclimated fish. The maximum induction ofHSP70 was attained at 
around 1 to 2 hour post-stress. No induction appeared in group subjected to 4-�C 
hypothermic stress. Compromising data was found in radioactive labelling analysis 
conducted on blood cells of fish acclimated to 15�C and 20�C respectively. De novo 
synthesis of protein at 70kDa occurred in both groups of the blood cells subjected to 
32°C-hyperthermic stress. The synthesis peaked at around 2 hours post-stress and 
disappeared in the next 2 hours. The consistent findings above stated for the threshold 
induction temperature ofblood cells is 32°C and the maximal HSP70 is at around 1 to 
2 hours after stress. No de novo synthesis of 70kDa protein was found in blood cells 
subjected to 8�C-hypothermic stress. 
和-• 
Furthermore, temperature difference is not a determining factor to initiate the 
HSP70 synthesis. Instead, absolute threshold induction temperature plays a more , 
essential role. Since the blood cells from fish of different acclimation temperatures 
perform HSP70 induction at the same temperature, 32°C, it is suggested that, 
acclimation temperature cannot alter the critical set-point of HSP70 production in 
blood cells. Rather than the short-term acclimation, genetic control may dominant in 
this regulatory mechanism. For the upregulation ofHSP70 in blood cells subjected to 
both the in vitro and in vivo hyperthermic-stress was started at 32°C, it is believed that 
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blood cells can be an isolated model to simulate the stress response in situ. With the 
supplementation of transcriptional blocker actinomycin D, de novo synthesis of70kDa 
protein was blocked in the 32°C-stressed blood cells. This is a convincing evidence to 







Effects of seasonal variation and transportation stress on 
level ofHSP70, serum glucose and serum cortisol in 






Apart from short-term or acute stress, fish is subjected also to a list of natural 
but chronic environmental perturbations. Seasonal fluctuations such as temperature 
change is known to be a “stressor，，from nature which can elicit readily physiological 
instability in fish (Pickering, 1981). In this case, re-organization of metabolic activity 
and physiology will take place in order to cope with these long-term environmental 
fluctuations (Hochachka and Somero, 1984; Cossins and Bowler, 1987). Such a 
process is known as acclimitization. In case of temperature stress, adaptation can be 
achieved in ectotherms by shifting the thermosensitivity of their physiological capacity. 
For example, the depressing effect of metabolism caused by chronic low temperature 
exposure can be compensated by increasing metabolic activity in ectotherms (Prosser, 
1986). 
Metabolic variables in fish are susceptible to seasonal thermal fluctuations. 
Serum glucose is one of the most important carbohydrate metabolite in fish which 
和 -
varies readily in response to many ‘‘stressors” Correlation between acclimation 
temperature (Chavin and Young, 1970; Barton and Schreck, 1987) and nutritional 
status (Gordon and McLeay, 1978 Barton et al., 1988) with circulatory glucose , 
concentration has been proposed. 
Serum cortisol is considered to be the stress indicator which reacts directly to 
physical disturbance and pollutants (Thomas, 1990). Indeed, as cited in some reports, 
cortisol is also subjected to annual variation and biological changes, such as feeding 
(Wingfield and Grimm, 1977)，reproduction (Planas et al., 1990) and smoltification in 
Page 87 
salmonids (Thorpe etal., 1987; Sangalang etal, 1994). The fluctuation ofcortisol in 
fish is rhythmic, however, the plausible interaction of its fluctuation with other 
physiological adjustment has not been defined yet. 
In these few decades, attention has been drawn by the heat shock proteins in 
relation to environmental fluctuations. Use of heat shock proteins for indicating the 
stress effect imposed on fish by various stressors has been intensively studied 
(Morimoto et al., 1994). However, the seasonal variation in stress protein such as 
HSP70 in fish is poorly understood. The pre-existing heat shock cognate or HSC70 is 
characterized to be a preparatory strategy in ectotherms to withstand both acute and 
chronic temperature changes (Susan et al., 1994). A noticeable amount ofHSP70 was 
found in ectotherms such as fish，salamander and turtle under "normal conditions" (Yu 
et al, 1994). Regulation ofHSC7HSP70 level against seasonal variation is considered 
to be one of the important acclimatization process to modify the physiological capacity 
of fish (Huey and Bennett, 1990). Such a response is claimed to be adaptive for coping 
with environmental perturbations. However, few studies have focused on defining 
^ -
basal HSC7HSP70 level in fish and characterization of its dynamic changes against 
seasonal variations., 
, 
In this chapter, our study is focused on the seasonal fluctuations of tissues 
HSP70 level in golden-line seabream, Sparus sarba. Semm variables including glucose 
and cortisol levels are also measured in parallel. By estimating the basal level of 
HSC/HSP70, we can eliminate the natural and non-stress level from the level which 
result after stress induction. This approach should be helpful in environmental 
assessment and the natural (seasonal) HSP70 fluctuation should not be misinterpreted 
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as a stress response in fish. In the meantime, the roie ofHSP70 in thermotolerance of 
seabream subjected to seasonal variations will be discussed. On the other hand, we 
assess also the dynamics ofHSP70, serum glucose and serum cortisol in fish subjected 
to transportation stress in different seasons. By this, the response of these three 
physiological parameters against stress and the use of them as biological indicators in 





4.2 Materials and Methods 
4.2.1 Overall experimental design 
In this experiment, study of the HSP70 level in seabream was undertaken in 
three ways. In the first place, the constitutive HSP70 level in seabream was 
investigated. Fish was sampled in situ from fish farm where the rearing conditions 
were assumed to be stress-free or close to natural. To find out if there is any 
significant fluctuation of HSP70 level in fish due to seasonal variation such as 
temperature, fish were obtained in both summer time and winter time. 
Secondly, effect of transportation stress on the induction ofHSP70 level in fish 
is studied. Fish were transported from the fish farm to the laboratory in seawater 
tanks on a speed boat. Density of fish during transport was 50 fish/tonne of constantly 
aerated seawater. After 2 hours transportation of fish from fish farm to laboratory, 
amount of HSP70 level in the fish was measured. It was then compared with that in 
私 ‘ 
fish sampled on-site. These results will attempt to answer whether transportation can 
induce HSP70 production in fish. Finally, the interaction between transportation stress 
and season on the HSP70 production in fish was discussed. Some hints provided by , 
this can show whether the induction of HSP70 by transportation stress, if any, is 
depending on season. 
In these studies, blood cells of fish were employed as a model. Analysis of 
HSP70 in samples was accomplished qualitatively by immunoblotting technique and 
quantitatively by enzyme-linked immunosorbent assay (ELISA). In the meantime. 
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classical physiological parameters such as serum glucose and cortisol were also 
measured in parallel. Comparing with these well-known stress indicators, the inter-
relationship between HSP70, serum glucose and serum cortisol can be obtained. 
Besides, the use ofHSP70 as a biological stress indicator will be commented. 
4.2.2 Fish and blood sampling 
Fish with size ranging from 85 - 200 g were obtained from fish farm in August 
1996，October 1996, December 1996 to February 1997. Sea surface water 
temperatures measured on site in these month were 29°C, 25°C, 16�C and 16°C 
respectively. At sampling, 5 to 10 fish were sacrificed each time on-site immediately 
within 3 minutes after being removed from the float-cage. A 2 ml whole blood sample 
was then drawn from each fish. Half of the blood was mixed with 0.1 ml 10% heparin 
(sodium salt; Sigma) in 0.85% saline for later HSP70 analysis. Ajiother half of the 
blood was allowed to clot and serum was kept for analysis. All the blood samples 
were aliquoted in eppendorf tubes and then placed in a water bath at a temperature 
^ -
identical to that of the site. Samples were taken back to Marine Science Laboratory 
within 2 hours for further preparatory processes. Another 5 or 10 fish were kept in a 
tub with seawater from site and transported back to laboratory. Blood was then 
身 
drawn from the post-transportation fish using the blood sampling procedure described 
above. 
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4.2.3 Preparation of blood samples 
Heparinized blood in eppendorf was spun by microcentrifuge at 6500 rpm for a 
few seconds. Supernatant was then removed and the pelleted blood cells were lysed in 
0.2 ml BUS solution by sonication for 1 min. Subsequently, the lysates were put into 
liquid nitrogen and stored at -70�C until use. Serum was obtained by spinning another 
half of blood samples in a refrigerated centrifuge (4�C) (Beckman; GS-15R) at 7477 
rpm (5000g) for 5 min. Serum from each sample was aliquoted into eppendorf tubes 
in several portions and stored at -70°C for later analysis. 
4.2.4 Determination of HSP70 levels in bIood cells sampled from seabream 
upon different seasons 
Samples of blood cells were homogenized and total proteins were extracted 
and quantified using the protein analysis method mentioned in Chapter 3. These 
samples were then analysed both by immunoblotting method and enzyme-linked 
^ -
immunosorbent assay (ELISA). 
0 
4.2.5 Immunoblotting analysis 
^ 
The procedure of immunoblotting analysis was largely similar to that described 
in Chapter 3. In this experiment, however, a different method was used to detect the 
immobilized HSP70 on nitrocellulose fNC) membrane. Instead of using TMB 
stabilized HEP substrate, an enhanced chemiluminescent system (ECL; Amersham) 
was employed to visualize the bands of HSP70 on the NC blot. NC blot after 
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successive incubations in specific primary antiserum and secondary HRP-conjugated 
antiserum was washed in TBS solution. It was then drained and placed on a piece of 
cellulose wrap (Sarran). Detecting solution from the kit was prepared by mixing 
Reagent 1 and 2 in 1 : 1 ratio. A 5 ml of the mixed solution was then applied onto the 
protein-side of each blot and incubation was followed for the next 15 seconds. 
Excessive detecting solution was then drained from blot and the blot was wrapped by 
cellulose wrap with protein-side on top. An ECL hyperfilm (Amersham) was put on 
the blot in dark and exposed for 1 min. Both the handling and exposure were carried 
out in darkness. After developing the film with the commercial developer and fixer 
CKodak), putative bands of HSP70 were visualized on it. Production pattern of 
HSP70 and the relative amount of HSP70 in samples were then compared by 
densitometric method. 
4.2.6 Enzyme-linked Immunosorbent Assay (ELISA) 
Other than immunoblotting method, seasonal variation of HSP70 levels in 
於 -
blood cells from fish was determined by ELISA. In this study, the protocol was 
designed as an indirect ELISA method. The amount of HSP70 in samples was 
reflected in direct proportion by the intensity of color given from the HRP-TMB , 
substrate reaction on 96-well microtiter plate. 
For each sample, 1 mg of total protein was diluted firstly in 200yl 
homogenization buffer (2% SDS, 1 mM phenylmethylsulfonyl fluoride (PMSF), 32 
mM Tris-Cl at pH 7.2). A same volume of coating buffer (0.01 M Na2CO3, 0.01 M 
NaHCO3, pH 9.6) was added. 50 pl of each of these samples were then pipeted into 
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the wells of a microtiter plate (Coaster) accordingly. Thus, in each well there was 
125pg of sample total proteins. On the other hand, a triplicate of standard curves 
were run on the same plate. Instead of the sample total proteins, human HSP70 
(Sigma) was used. The standard concentration ofHSP70 was diluted from 0.125iagAnl 
down to 7.8 ng/ml, by serial two-fold dilution in homogenization buffer and coating 
buffer. A reaction blank was set by adding washing buffer (0.4% NaCl, 0.1% KC1, 
0.094% Na2HPO4 2H2O, 0.1% KH2PO4 and 0.05% Tween 20) instead of all the 
other reagents except TMB substrate in the following steps. After then, the whole 
plate was incubated at 4°C for 48 hours. 
After incubation, the coated plate was washed 3 times with 100 pl washing 
buffer and was blot-dried on towel paper. 100 ]jA of blocking solution (1% bovine 
serum albumin (Sigma), 12.5 M Phosphate-balanced saline (PBS), pH 7.2 and 0.05% 
Tween 20) was then added to each well. It was then blocked at 37�C for 1 hour in 
order to reduce non-specific binding. After incubation, washing was performed 3 
times before the addition of primary antibody. Monoclonal anti-heat shock protein 70 
和 -
from mouse ascites (Sigma) was employed as the primary antibody in order to 
recognize the putative HSP70 coated on plate. A 50 pl of this primary antibody at 
dilution 1:2000 in PBS-Tween 20 was pipeted into each well. Following 1 hour , 
incubation on orbital shaker (Technalab) at room temperature, wells were washed 
again in washing buffer for three times. lOOpl of the secondary antibody, anti-mouse 
IgG (whole molecule) peroxidase conjugate at dilution 1:10000 in PBS-Tween 20 
with 1% BSA was added to each well. One hour incubation on orbital shaker in room 
temperature was performed subsequently. After then, the plate was washed for three 
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I 
times in washing buffer and blot-dried. In the last step, 200 i^l of tetramethylbenzidine 
dihydrochloride (TMB) substrate was applied to each well for color development. 
TMB substrate was prepared by dissolving one TMB tablet (Sigma) in 10 ml 0.05M 
phosphate-citrate buffer at pH5 (0.2 M Na2HPO4, 0.1 M citric acid and 0.03% sodium 
perborate), following the protocol provided by the manufacturer. After addition of 
TMB substrate, the plate was incubated at room temperature for 15 min to allow a 
complete reaction. Finally, 50 ]jA of 2M H2SO4 was added to stop the reaction. Color 
development in each well was then determined by microplate reader (Dynatech 500) 
with wavelength at 420nm. Readings of each sample was calibrated by HSP70 
standard curve in each plate individually and the results were presented as ng of 
HSP70 per mg of total protein in each sample. 
4.2.7 Measurement of serum parameters in seabream 
4.2.7.1 Serum glucose 
Serum glucose in each sample was determined by the standard glucose assay 
^ - -
protocol. Color-enzyme substrate was prepared freshly by dissolving 1 capsule of 
Glucose oxidase and peroxidase (PGO) enzyme mixture (Sigma) in 100 ml distilled 
water and adding 1.6 ml of 0-dianisidine (Sigma). By mixing 1 ml of color-enzyme , 
substrate with 10 ]jA of serum sample, after 45 min incubation at room temperature, 
color development occurred in each tube. A spectrophotometer with wavelength set 
at 450 nm (Milton-Roy, Spectronic 3000) was used to read the samples within 30 
minutes after the completion of incubation. 
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4.2.7.2 Serum cortisol 
Serum cortisol in samples were estimated by using a commercial cortisol-
ELISA kit (EBL, Hamburg). Protocol was adopted according to the instruction 
provided. 20 pl of each sample was used for each run. After subsequent steps of 
adding HRP-cortisol antibody, Chromogen Substrate and Stopping Solution into 
wells of microtiter plate accordingly, color development was measured by microplate 
reader (Dynatech 5000) at wavelength 420nm. 
4.3 Results 
4.3.1 Determination of HSP70 levels in bIood cells sampled from seabream in 
different seasons 
4.3.1.1 Immunoblotting analysis 
By immunoblotting analysis, putative HSC/HSP70 protein bands in all blood 
cell samples were revealed in Fig. 4.1a, b, c and d. From the results, we can notice ^ -
that HSC/HSP70 protein bands appears in each of the samples obtained from 
individual fish. Since the monoclonal anti-HSP70 used in this experiment can 
recognize both constitutive HSP73 and inducible HSP72 (as claimed by manufacturer), , 
it is believed that the bands shown in our figures have included these two members of 
HSP70 family. 
4.3.1.2 Enzyme-linked immunosorbent assay (ELISA) 
From the results, the direct ELISA protocol designed in this experiment was 
successful. It showed a strong linear relationship between the color intensity of 
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reaction product and the amount of HSP70 in wells. Standard curve of HSP70 was 
plotted with a high correlation coefficient of 0.98 (Fig. 4.2). Actual amount ofHSP70 
in each samples were then calibrated by standard curve. HSP70 data were logio 
transformed and the value of logio HSP70 content in different treatment groups were 
compared and analyzed by One-Way ANOVA (SigmaStat software package). 
By the Student-Newman-Keuls Method, differences among all groups were 
compared in pairs (P<0.05). The statistical analysis of logio HSP70 level in fish 
before transportation in different seasons is shown in Table 4.1a，b and Fig. 4.3. There 
was a statistically significant difference in the HSP70 levels of blood cells from fish 
obtained in August and October, and also in August and December respectively. While 
in October, December and February of the next year, no significant differences in 
HSP70 level were found among them. Noteworthy, in August (29�C)，the HSP70 
level in fish was comparatively lower than that in October (25°C) and December 
(16°C) while the level of HSP70 in August was statistically comparable to that in 
February (16°C) of the next year. Within these period of time from summer (August), 
fall (October) to winter (December and February), the mean amount of HSP70 in 
*^  -
blood cells of seabream fluctuated around 56.5 to 68.9 ng/mg of total proteins (Table 
4.1a). . 
The difference in HSP70 level of fish before and after transportation stress was , 
compared. Logio transformation was used to normalize the data and the values were 
analysed by Two-Way ANOVA (P<0.05). Results were also shown in Tables 4.1a，b 
and Fig. 4.3. Obviously, the induction effect of transportation stress on HSP70 
appeared only in August (29�C)，but not in other months (Table 4.2). To conclude, 
the results of Two-Way ANOVA showed that amount of HSP70 was affected by 
transportation (F=6.69, P=0.014) but not by season (F=2.61, P=0.0668) (Table 4.3). 
Page 97 
However, the interaction between season and transportation is significant to effect a 
change ofHSP70 in the blood cells offish (F=18.15, P<0.0001). That is, change of 
HSP70 caused by transportation stress is dependent on the season and vice versa. 
4.3.2 Serum analysis of seabream sampled from fish farm in different seasons 
4.3.2.1 Serum glucose 
Changes in serum glucose levels of seabream in different months were shown 
in Table 4.4a’ b and Fig. 4.4. Glucose data were logio transformed and subjected to 
Two-way ANOVA analysis. Statistically significant differences of sample serum 
glucose logio value (p<0.05) were found between groups of fish sampled in August 
(29�C) and October (25�C)，as well in October and December(16�C) (Table 4.4a and 
Fig. 4.4b). That is, the serum glucose levels of fish in August and February were 
significantly lower than that in October. Though the differences in serum glucose level 
among the December, October and February groups were not statistically significant, 
the level of serum glucose in December was relatively lower than that in October and 
^ -
February. Also, in February of the next year, the glucose level of sampled fish was 
comparable to that in August. Throughout these months, the serum glucose level of 
seabream fluctuated between 62.5 to 93.3 mg/100 ml (Table 4.4a). , 
Changes in serum glucose level in fish after transportation were remarkable. 
Results of the Two-Way ANOVA analysis are shown in Table 4.2. When compared 
with the groups of fish sampled on-site, all the serum samples from post-transportation 
groups showed a statistically higher level of glucose. To summarize, both the factors 
of transportation (F=78.59, P<0.0001) and season (F=12.29, P<0.0001) were 
statistically significant in serum glucose elevation (Table 4.3). However, the 
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interaction between factors of season and transportation (F=1.65, P=0.196) was not 
statistically effective to account for the change in serum glucose level in fish. Effect of 
transportation stress on the serum glucose level is independent ofseason. 
4.3.2.2 Serum cortisol 
Levels of serum cortisol in post-transportation fish sampled in different months 
are presented in Table 4.5a. Cortisol data were logio transformed and analyzed by 
Two-way ANOVA analysis. From the results, no statistically significant difference was 
found for fish sampled in different seasons (Table 4.5b and Fig. 4.5). Serum cortisol 
j 
level in fish sampled on-site was ranged between 10.5 to 17.9 ng/ml. However, a 
substantial elevation of serum cortisol level was discovered in all the fish after 
transportation and the difference was statistically significant (F=120.87, P<0.0001) 
(Table 4.2). To conclude, season was shown to be not a significant factor to cause the 
change of serum cortisol level in fish (F=0.946, P=0.431) (Table 4.3). In addition, the 
results of this analysis revealed that interaction between season and transportation was 
not statistically significant to the change in semm cortisol level (F=1.819, P=0.166). 
Trhat is, effect of transportation stress on serum cortisol level is independent to season. 
A summary 9n the effects of season, transportation and their interaction on the 
logio values ofHSP70 amount, serum glucose and serum cortisol is given in Table 4.3. , 
The logio values of these parameters were analyzed by Two-Way ANOVA. Referring 
to the results, serum glucose level depended much on seasonal factor while HSP70 
amount and serum cortisol level was independent of it. Alteration in the level of all 
these three parameters was found in fish subjected to transportation. However, effect 
of transportation on the HSP70 amount was related significantly to the seasonal factor. 
For serum glucose and serum cortisol, the effect was independent of season. 
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Therefore, induction of HSP70 in blood cells in post-transportation fish was found 
only in August (29�C)，but not in other months. Elevation ofserum glucose and serum 
cortisol level was observable in the group of fish after transportation, irrespective of 





Fig 4.1a: Putative HSC/HSP70 in blood cells of seabream in August 1996 
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Putative HSP70 band in samples were visualized by enhanced chemiluminescent 
immunodetection. Lanes 1 to 8 denote the blood cell samples obtained from 
individual fish, a and b indicate the position of putative HSP73 (constitutive form) 
^ - and HSP72 (inducible form) respectively. 
In each lane, a same amount of 50 \xg total protein was loaded from each sample. 
Standard HSP70 (125 ng) were employed in parallel in the analysis as a reference 
to the position and intensity of putative HSP70 band in samples. 
, 
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Fig 4.1b: Putative HSC/HSP70 in blood cells of seabream in October 1996 
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Putative HSP70 band in samples were visualized by enhanced chemiluminescent 
immunodetection. Lanes 1 to 8 denote the blood cell samples obtained from 
individual fish, a and b indicate the position of putative HSP73 (constitutive 
form) and HSP72 (inducible form) respectively. 
In each lane, a same amount of 50 jag total protein was loaded from each sample. 
^ Standard HSP70 (125 ng) were employed in parallel in the analysis as a reference 




Fig 4.1c: Putative HSC/HSP70 in blood cells of seabream in December 1996 
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Putative HSP70 band in samples were visualized by enhanced chemilluminescent 
immunodetection. Lanes 1 to 6 denote the blood cell samples obtained from 
individual fish. 
In each lane, a same amount of 50 ^g total protein was loaded from each sample. 
HSP70 standard were employed in parallel in the analysis as a reference to the 
position and intensity of putative HSP70 band in samples. 
# , 
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Fig 4.1d: Putative HSC/HSP70 in blood cells of seabream in February 
1997 
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Putative HSP70 band in samples were visualized by enhanced chemilluminescent 
immunodetection. Lanes 1 to 7 denote the blood cell samples obtained from 
individual fish. a and b indicate the position of putative HSP73 (constitutive 
form) and HSP72 (inducible form). 
’ In each lane, a same amount of 50 \ig total protein was loaded from each sample. 
HSP70 standard was employed in parallel in the analysis as a reference to the 
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Table 4.1a: Comparison ofHSP70 level in blood cells ofseabream before 
and after transportation in different seasons 
•""""^^^^^^•"^^•"•"•"^^•"•^^•"•^^^^•"•^^•^^•^"*•*^"•*"*•*^^^•*^•"•"-"^^*-^^•*"^•^^•^^•^^^^"^"^^^^^^^•^^^•^^•"•^^^^^^•^•^^^**^*^*^^*^^**^^^^^^^*^^********"^^^**^^**•^*^***^ “ _ _ • • • • • . l _ • _ ^ ^ ^ * ^ ^ ^ ^ ^ ^ ^ ^ ^ v r r r ^ w > V » w ^ w w v w u w u v v w u w w w L f L r u w u L r u V L ^ v w w u ^ ^ J V w u ^ J W ^ u u u u u L f U L ^ J ^ ^ ^ u u u ^ ^ ¾ A A A J m n J ^ m J ^ m J u u u L r 
Months Before/After HSP70 level 
Transportation (ng/mg total protein) 
August (29°C) Before 56.5±2.5 * + • 
After 81,5士2�1 * 
” O c t o b e r (25°C) Before 68.9i2 7 + 
After 66.5t2A 
December (16°C) Before 67.0±3.4* 
After 70.0i3,9 
February (16�C) Before 61.9±3.0 
After 61.7±3’4 
^ * * ^ * ^ " * * ^ " * * * * * * * * * ' * * ' * ' * ' * ' * * * • * * ' * ^ * , , _ ^ ^ ^ ^ ^ ^ ^ ^ • . . . - . . . • • - - f r n n n n n n r i n i n n n n r m ^ i f i w > . n n n f i n n ' f i " f i ' n i r i n r > n [ i ' o n ' u ' L i L i ' n ' i ' r i n ' f i i ' i f i f t i n Y r V n > 
Data are expressed as means±SEM. 
* the difference oflogioHSP70 level between the indicated groups is statistically significant; 




Fig. 4.3: Logio [HSP70] in blood cells of seabream before and after 
transportation in different seasons 
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^ . Bar • 1 indicate the constitutiveHSP70 ^ISC70) in blood cells offish 
before transportation and bar ^ 2 indicate the constitutive+inducible HSP70 ^ISC/HSP70) in blood cells offish after transportation. 
^ 
Symbols show the difference oflogio HSP70 level between the indicated 
, groups is statistically significant (Two-Way ANOVA; P<0.05). Error 
bars represent SEM. 
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Table 4.1b: Comparison of log ,o HSP70 amount in blood cells from 
seabream sampled before transportation in different seasons 
by Two-Way ANOVA 
AUG OCT DEC FEB 
"AUG ； 
~OCT + ""•||||| 
"MEC + ~ " ‘ ~ : ~  
~TEB : : - ：" 





Table 4.2: Comparison of logj^ HSP70 amount, Iogn, serum glucose and 
logio serum cortisol level in seabream before and after 
transportation in different seasons by Two-Way ANOVA 
(P<0.05) 
- p & V f o 7 5 ® i t e � T A t r G OCT"~"***"""DEC ]"^ """"^ FM ^ 
transportation  
logioHSP70 Bef^e + - - r ~ ^ 
amount After 
logjQ serum Before + + + + 
glucose level After 
logip serum Before + + + + 
cortisolleyel >^ter  
(+ indicates difference between compared groups is statistically significant and - indicates 





Table 4 .3: Summary on the effects of season, transportation and their 
interaction on HSP70 amount in blood cells, serum glucose 
and serum cortisol in seabream 
Factors logj^ HSP7i) logn, serum logjo serum™ 
amount glucose cortisol 
Season No Yei No 
Transportation Yes Yes Yes 
Season x Yes No No 
transportation 





Table 4.4a: Comparison of serum glucose level in seabream before and after 
transportation in different seasons (Two-Way ANOVA; p<0.05) 
Months Before/After Serum glucose 
Tr.?.5.?J?.9.0?!?i[55. (mg/lOOmI) 
August (29T) Before 6"i"5+8.'o 7*  
After 92,9±11 ^ 
~October(25°C) Before 93.3±13 • * + 
After 2 1 5 t l l • 
December (16°C) Before 64 .0 i l l ^ 
After 134tl3 A 
February (16�C) Before 66.2±11 • + 
…. After 132土11* 
_ 
Data are represented as means 土 SEM. 
,Symbols show the difference oflogio serum glucose level between the groups 
is statistically significant; Two-Way ANOVA, p<0.05. 
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Fig.4.4: Logio [serum glucose] in seabream before and after 
transportation in different seasons 
Logio serum glucose ! • 1 Before transportation 
H 2 After transportation 
2.4 p^^^ w^^^w^^^^ ^^^ w^ w^^^^^ ^^^ ^^^ ^^v«w^^^^ ^^^ ^^^ ^^^ jpw^^^^ ^^^ ^^^ ^^^ ^^^ ^^^ ^^^ ^^^ «^^^ ^^^ w^^^^ ^^w>^^ ^^^ ^^^ ^^^ ^^^ w»^^ v>v>^^ ^^%wv^  
I 1 
2.3 -- 圓 
2.2 ” H • • 
：：‘I I i 
19 % f • M H i I + * I i 
1 . 8 - . S I 」 I fi I ^ | i 
1.7 - ' L； _ _ L：： _ … • I 
丨" H^ ^ B : / ^m ‘ ^ 5 i 
. • » • . ' • « ' . ' . . • « • . ' « • . • » • » • . f i S f t f t f t S j j • . • • . � • . • . � • . - • - • - • - " - " - ' - ' - ' - ' - ' - ' B B f t f t s f t M . " . ' . ' . ' . ' . ' . ' . ' . ' - ••••»•’••••' . - . - . * . - . . - - . - . - A - ^ ^ j ^ j j j j j ^ j j j j ? . ? . ? . ? . ? . . ••••»»•••••• - , * * - * * * . * - * - * - * - . - * . B 8 8 8 8 8 5 . * - , . * - * * i 
1.6 iiJ_^^^^_^^^^Li^^^^^•_^^^^^LJ_^^^^•_Ld™^^mJ 
Aug Oct Dec Feb 
(29>C) (25°C) (16�C) (16°C) 
^ -
Bar m 1 indicate the logio serum glucose level of fish before transportation and 
bar H 2 indicate the logi�serum glucose level of fish after transportation. 
, Symbols show the difference of logio serum glucose level between the indicated 
groups is statistically significant (Two-Way ANOVA; P<0.05). Error bars 
represent SEM. 
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Table 4.4b: Comparison of l o g ! � s e r u m glucose level in seabream 
sampled from fish farm in different seasons by Two-Way 
ANOVA (p<0.05) 
AUG OCT DEC FEB 
AUG I 
""OCT + i I 
DEC : - ： 
FEB = + : ~ 





Table 4.5a: Comparison of serum cortisol level in seabream before and 
after transportation in different seasons 
Months Before/After Serum cortisol 
Transportation (ng/ml)  
August (29°C) Before 16.6±11.8* 
After 55.6±10.6* 
October (25°C) Before 10.5±11.8+ ^"""^ 
After 79.6±i<X6+ 
December (16°C) Before 162il0.6** ^ 
After 59.SilLS** 
February (16�C) Before 17.9tl0.6++ 
After 77.8+10,6++ 
Data represented as means 土 SEM. 
Symbols show the difference oflogio serum cortisol level between the groups is 




Fig. 4.5: Logio [Serum cortisoI] of seabream before and after 
transporation in different seasons 
m 1 Before transportation 
Logio serum cortisol [ ^ After transportation 
2 2 T - W ” , W W . W , . ” A W . ” . W . W . W . ” . ” . W , . - . W A W . ” A - A ” ^ ^ ” • ” • � • ， 
__i________i_________i___PSJ 
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i i l i i i i i i i i i i i i i i i i i i i i i | i 
*T r ^ ^ r ^ ： 
,, '• . ‘ ，w . , . . . • 
1.8 “ ：| ,':: ：！ / ：： I 
n � i � ’ ： r H i ‘ 'i I 
^ ^ ； s '�: : ‘ ‘ : ::. i ： .: 5 
1 . 6 ” ：： . ： : . : ：•' i 专 
• • " : z ; , . > 
傘 ；L i ；！ i I i I 
1.4 " X ；‘； 料 •• 科 U . ) 
:丨 ； . 、 ： 丨 ：：.、： : 专 
V. . : ¢4^ 5 ；^  ！ : V T 丨丨 ‘ X i' : '1 
1.2 -' J L ； 、 ： + 「、： pH : 'i 害 
i ； ‘： ;L>. :: i .:: ：！ I i ： T :i .'':: ：!''!： i'：老 
1 - i [ ^ :i r 1 
i丨： 丨：丨、丨 i丨 i.:臺 
： 、 ： ； • V ：： ； i .i ^ 
S • ： \ ： • • ： ^ . ； ：^ 
Q 8 ~ ^ " � f - . . ^ ^ . ^ . ^ A j . . . « . . . ^ ^ ^ . . ^ j 1 ^ ^ ^ ^ - ^ ^ ^ ^ . . ^ . . . , . . 4 . : . 1 . : , : . ^ : ^ 1 . : . : . . 1 - . . . - . . . . r . - . . - . - . - . - . - . - . - . - . - r - . - . - . - . - . - . - i . - . - . - . ' . - . " . - . - . - . i . . - . - . - . - . - . - i . - . w . w . - . - . - . - . f . ' . ' . - . - . - . - . i , - . ' . ' . ' . - > 
Aug Oct Dec Feb 
(29^C) (25^C) (16°C) (16°C) 
^ - L - ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ _ _ - < M ^ M < ^ M > ^ _ _ > ^ ^ _ * ^ > > > * X > * > > ^ ^ _ * ^ ^ > ^ ^ _ ^ * > l > < ^ ^ _ > ^ _ > > > _ > > > ^ - * * > < ^ _ _ > _ ^ ^ ^ ^ ^ _ ^ ^ _ _ _ < > < * ^ M * > > M > _ l > ^ ^ ^ ^ _ ^ ^ ^ > < ^ _ 
¥ 
Bar m 1 indicate the logio serum cortisol level of fish before ransportation and 
bar ® 2 indicate the logio serum cortisol level of fish after transportation. 
j0 
Symbols show the difference oflogi�serum cortisol level between the 
indicated groups is statistically signficant (Two-Way ANOVA; P<0.05). Error 
bars represent SEM. 
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Table 4.5b: Comparison of l o g ! � s e r u m cortisol level in seabream 
sampled from fish farm in different seasons by Two-Way 
ANOVA (P<0.05) 
AUG OCT DEC FEB 
AUG ^i “ 
""OCT : “ 
~WjC = “ ~ = 
"TEB = ： ： 






In the present study, HSP70 level in blood cells of golden-line seabream was 
characterized and measured in different seasons. With reference to the results ofthis 
study, we will discuss the thermotolerance of fish in relation to its HSP70 contents 
during different seasons or months. Effect of transportation stress on HSP70 level in 
fish is also assessed in relation to seasonal variation as one of the factor to be involved 
in this consideration. In parallel, the fluctuation of serum glucose and serum cortisol 
will be discussed. Eventually, comment is given on the use ofHSP70, serum glucose 
and serum cortisol as biological stress indicators in fish 
4.4.1 Characterization ofHSP70 expression in blood cells of seabream 
From the results of immunoblotting analysis, two characteristics of HSP70 in 
blood cells of seabream can be noticed. Firstly, HSCyTISP70 was present in all of the 
samples obtained from individual fish. Though the bands were quantitatively different, 
*--
they were still qualitatively similar in the same season. In most of the samples, two or 
three putative HSC/HSP70 bands were observed at the same time. Basically, no 
obvious variation was found. Secondly, in our samples, at least two HSPs of , 
constitutive HSP73 and inducible HSP72 were discovered. In contrast to the similar 
experiment on blood cells of kilIifish, Fundulus heteroclitus, either HSP76 or both 
HSP74 and was found (Koban, 1991). In cell line of other fish, such as rainbow trout 
RTG-2 cell line and chinook salmon embryo cell line, HSP68 and HSP70 were 
documented (Gedamu et cd., 1983; Mosser et al., 1986). In tilapia TO-2 ovary cell 
line and fat-head minnow cell line, only HSP70 was found (Chen et al., 1988, Merz 
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and Laudien, 1987). Obviously, the expression of pattern of HSPs are distinctive in 
different species whereas differential expression pattem can be found in the same fish 
^Coban etal, 1991; Dietz and Somero, 1993). The reasons for the existence ofthese 
phenomena are not known. Whether there is any relationship between the expression 
of HSPs of specific molecular weight and the temperature tolerance in organism, is 
remained for further study. 
4.4.2 Dynamicity of HSP70 content and thermotolerance of fish in different 
seasons 
Golden-line seabream {Sparus sarba) is one of the common food fish reared in 
Hong Kong. Data on the thermotolerance of this fish is not available. However, the 
temperature tolerance of the related sparid, red sea bream {Chrysophrys major) was 
well-studied previously (Woo and Fung, 1980). The information in this report can be 
used as a reference for our discussions. According to the report, red sea bream was 
regarded to be one of the least eurythermaI species. In the review ofBrett (1952 and 
*--
1956), its temperature tolerance was ranked in the same order as that of salmons. 
Therefore, in golden-line seabream, a similar low tolerance to extreme temperature 
should be expected. In our study, results of HSP70 quantification showed that the , 
level ofHSP70 in August (29�C) is significantly lower than that in October (25�C) and 
December (16�C). HSP70 level in February (16�C) is in turn comparable to that in 
August. It has been proposed that the level of pre-existing constitutive HSP70 is 
strongly correlated to the thermotolerance of organisms (Koban 1991; Ulmasov et al., 
1992; Susan and Fader, 1994; Coleman et al., 1995). In accordance with this 
postulation, results of our study may imply a poor hyperthermic tolerance in seabream 
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during summer time (August). In this month, the water surface temperature is around 
29°C. Obviously, it is a threat to seabream since the upper temperature tolerance limit 
ofits relative red sea bream is 32�C (Woo and Fung, 1980). If the level ofHSP70 is 
critical for fish to withstand high temperature, low level ofHSP70 in seabream means 
a high susceptibility of fish to heat stress in summer time. In a previous review, the 
content of proteins for heat shock response, such as HSP70, should be positively 
correlated with the average temperature of its own ecological niche (Ulmasov et al., 
1992). Thus, fish living in a habitat of higher temperature should express a higher 
level ofHSP70 under ‘‘normal” ambient temperature. In accordance with this theory, 
the golden-line seabream which is supposed to be a “cold-water” fish along with its 
relative red sea bream, a comparatively lower HSP70 content should be expected. By 
measuring the HSP70 level, a possible explanation for the poor temperature tolerance 
of seabream in summer can be suggested. Poor growth and high mortality of 
seabream in summer (Fung and Woo, not published) has been discovered frequently. 
This may be the consequences of physiological failure of fish due to chronic heat stress 
in this season. However, the reason of why HSP70 level in seabream is comparatively 
和 -
lower in summer than in other seasons, and why there is no upregulation of HSP70 
level in seabream as,in other fish, is still an unknown. 
, 
In another similar study, a different picture was obtained. Four kinds of fish 
living in different temperature regimes showed a similar trend ofHSC/HSP70 content, 
with a peak in spring which sloped down in summer and fall. Finally, the level of 
HSC7HSP70 was minimal in winter (Susan and Fader, 1994). Regulation of HSP70 
level in those four species of fish was coupled with environmental temperature change. 
These results have demonstrated the fluctuation of HSP70 level in fish subjected to 
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seasonal variations. Presence of acclimatization process was expected in fish while the 
re-adjustment for HSP70 level and physiological capacity offish was considered to be 
an adaptative response against seasonal change in its own habitat. 
According to the available data in this study, the seasonal variation ofHSP70 
level in seabream is statistically insignificant (Fig. 4.3). The environmental 
temperature dropped greatly from 29�C to 16�C during summer (August), fall 
(October) and winter (December and February of the next year) but the changes of 
HSP70 level in fish were little. No adjustment or down-regulation of HSP70 level 
occurred in seabream in response to the marked seasonal changes. With a knowledge 
of the temperature tolerance of the red sea bream, the golden-line sea bream used in 
this experiment should also be narrow in temperature tolerance. Also, the original 
habitat of seabream should be in temperate area with mild temperature fluctuation. It 
leads to the hypothesis that, genetic make up of seabream may be designed to adapt to 
seasonal variation in only cold-water habitat. For this reason, instead of upregulating 
the HSP70 level by acclimatization as in other fish，seabream keeps its HSP70 level 
和 -
without change. That means, seabream failed to acclimatize and adapt to the seasonal 
fluctuation of warm-water habitat in Hong Kong. As the fish is incapable in regulating 
its constitutive HSP70 level, a poor tolerance of fish in high water temperature season 
鼻 
may be discerned. 
In our study, we have not found the occurrence of a HSP70 peak in spring. 
For a clearer picture of HSP70 dynamics from winter to spring, an extra sampling of 
fish in April should help. Since the increase of temperature is steep from winter to 
early spring, any change of HSP70 level in fish during this period of time should be 
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critical. Also, it is interesting if the investigation is carried out in its original living 
temperature. Other factors involving in seasonal fluctuation such as photoperiod is 
another important factor which is worth to consider. Additional studies on the above 
suggestions are meaningful for their results are useful in supplementing the present 
conclusions. 
All in all, the results in our study can be concluded as follows. Firstly, a 
relatively low HSP70 level in blood cells of seabream is found during summer time 
(August, 29�C). Secondly, there is no significant fluctuation of HSP70 level in fish 
upon seasonal change. Acclimatization of seabream was rarely performed for seasonal 
adaptation in warm-water habitat. It may imply the genetic information of seabream is 
defaulted for only temperate-water habitat. All of these findings has illustrated a new 
insight on the relationship between HSP70 content and temperature tolerance capacity 
of fish. 




Regarding the results of our study, in August, a significant induction of , 
HSP70 level was found in blood cells of seabream subjected to transportation stress 
^ ¾ . 4.3 and Table 4.2). This phenomenon appeared specifically in August but not in 
other months. On the basis of our results, HSP70 level is responsive to the 




To the best of my knowledge, this is the first experiment to correlate 
transportation stress with HSP70 level in fish. Thus, little or no corresponding 
references can be quoted to compare with our results. However, a putative picture 
can be hypothesized with the consideration of effect due to some relevant factors. 
Hormonal effect has been considered as one of the possibilities to cause such a 
change in HSP70 level in fish. It is supported by results in another chapter of our 
study that the in vitro supplementation of cortisol can trigger HSP70 production in 
blood cells (Fig. 5.2a and b). That means, if the elevation of cortisol level in fish post-
transportation is much substantial in August than in the other month，cortisol will be a 
possible inducer of HSP70 synthesis in fish. However, in our study, serum cortisol 
level in August did not show any significant difference from those in other sampling 
months (Fig. 4.7). Apparently, cortisol is not a primary factor to potentiate the 
sensitivity of HSP70 induction in fish subjected to transportation stress. For another 
stress hormone, adrenaline, its concentration in fish before and after transportation has 
not been recorded in our study. Thus, no information can be available to discuss about 
^ • 
the effect of adrenaline on HSP70 production. Since the in vitro induction ofHSP70 in 
blood cells was covered in another chapter of our study (Fig. 5.1 and 5.2), we cannot 
reject the possibility of adrenaline being involved in the potentiation of HSP70 , 
production in post-transported fish. Therefore, the hormonal results in our study 
cannot explain why HSP70 level after transportation is more susceptible to 
upregulation in August. 
Another hypothesis has been made in relation to HSP70 induction mechanism 
and the plausible oxygen deprivation in fish. During transportation, the metabolic rate 
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offish is substantially increased. More oxygen is required to fulfill the energy need. 
An increase of39-98% in oxygen consumption was found in coho salmon subjected to 
handling stress (Davis and Schreck, 1997). In most of the cases, fish will be easily 
depleted of oxygen. Thus, anaerobic respiration and its by-product, lactic acid is 
commonly found in fish after transportation stress (Wedemeyer et cd., 1990). Oxygen 
deprivation has been claimed be an inducer of HSP70 by causing the cellular 
environment to become more oxidative ^"reeman et al., 1995, Voellmy, 1996). 
Conformation ofsome cellular proteins may be subjected to change through thiolation. 
In this case, an increase in the amount of non-native proteins emerges. As the HSP70 
induction by unfolded and damaged proteins in cells was well-documented (Ananthan 
et al., 1986; Baler et al., 1992; Voellmy, 1996)，accumulation of non-native protein 
due to hypoxia may readily elicit the upregulation of hsp70 expression in fish. If 
hypoxia is more likely to happen in fish upon higher temperature, the induction of 
HSP70 in seabream triggered by transportation stress in summer but not in cooler 
season may be conceivable. 
^ -
4.4.4 Dynamicity of serum glucose level in seabream subjected to seasonal 
variations * 
j> 
Referring to our studies, level of serum glucose in fish is found to be dependent 
on seasonal factors (Table 4.3). Entering from summer (August, 29°C) to autumn 
(25°C), a higher serum glucose level was found in fish (Fig. 4.4b). In winter (16�C)， 
concentration of serum glucose in fish was lowered to a level which was comparable 
to that in summer. It seems difficult to explain such a change. One possible reason 
may be the changes in food and feeding of fish due to seasonal change. It has been 
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suggested that blood glucose level is subjected to change during change in nutritional 
state OV[cLeay, 1977; Provencher et al, 1993) and liver glycogen reserves of fish 
(Thomas et al, 1981; Barton et al, 1988). On the other hand, the effect of different 
acclimation temperature on the blood glucose concentration of fish were investigated 
(Umminger, 1973; Strange, 1980; Barton and Schreck, 1987). The trend of lower 
serum glucose level of Atlantic cod in July and increase in October has been observed 
(Provencher et al., 1993). However, the results seems to be inconsistent with each 
other and no conclusive picture can be drawn. Nonetheless, in our study, the serum 
glucose level in seabream is subjected to the seasonal changes. Seasonal variation of 
serum glucose is proposed to be a physiological adjustment of fish to meet the 
requirement of different metabolic scope. 
4.4.5 Effect of transportation stress on the serum glucose level of seabream in 
different seasons 
From the results shown in Fig. 4.2 and Table 4.4a，a marked increase in serum 
和 -
glucose level in fish can be noticed after transportation. The change is statistically 
significant irrespective of the factor of seasonal variation though in another study, 
acclimation temperature was correlated with the carbohydrate metabolic response in , 
fish (Barton and Schreck, 1987). It is well known that serum glucose is one of the 
most sensitive physiological stress indicators in fish. Evidences from the reports of 
previous studies are numerous and the results are coincident to each other (Robertson 
et a!.，1988; Vijayan et al., 1994). Elevation of serum glucose level is regarded as a 
physiological adjustment for a higher metabolic scope in fish (Barton and Schreck, 
1987). In this case, extra circulatory glucose supply can offer more energy in fish to 
Page 124 
withstand stress. Usually, increase of serum glucose level is coupled with the 
upregulation of stress hormone cortisol concentration in bloodstream (Chavin and 
Young, 1970; Robertson et al., 1987 and 1988). This is evidenced by the results of 
our study (Table 4.2). To conclude, circulatory glucose is an adaptative response to 
the transportation stress while the change is independent ofseasonal factors. 
4.4.6 Dynamicity of serum cortisol level in seabream subjected to seasonal 
variations 
By and large, from the results of our study, no statistically significant 
difference in serum cortisol level was found among groups of seabream obtained in 
different seasons or months (Fig. 4.5 and Table 4.3). That is，effect of seasonal 
variation on the serum cortisol level in fish is little or insignificant. However, in 
another report, annual variation of cortisol concentration was documented in sea bass. 
In the experiment, change of serum cortisol level was found to be inversely correlated 
with the concentration of reproductive hormone testosterone in male fish. Also, level 
^ • 
of serum cortisol was suggested to be positively correlated with the environmental 
factors including photoperiod and temperature (Planas et al., 1990). Other factors 
such as feeding regime and sexual condition of fish has been mentioned in other , 
studies. These factors were claimed to be responsible for the seasonal fluctuation of 
cortisol concentration in fish (Pickering and Pottinger, 1987b; Vijayan and Moon, 
1992). From the result of study, serum cortisol level did not change upon the seasonal 
fluctuation. For this reason, it is suggested that the level of serum cortisol in seabream 
is basically unaffected by both environmental and biological factors, but is primarily 
affected by stress. 
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4.4.7 Effect of transportation stress on the serum cortisol level of seabream in 
different seasons 
Obviously, significant elevation of serum cortisol level was discovered in fish 
after transportation irrespective of the sampling months (Fig. 4.5 and Table 4.2 and 
4.3). These results reveal clearly that serum cortisol production is highly responsive to 
the transportation stress throughout the year. Elevation of circulatory cortisol is 
readily triggered in fish as a direct response against stress. During transportation, 
seabream are subjected to physical stress such as crowding and handling. A long list 
of reports on the upregulation of serum cortisol in fish in response to these physical 
stressors have been documented (Pickering and Pottinger, 1989; Pottinger and Calder, 
1995; Vijayan et al, 1994). The results obtained in our studies are largely in 
conformity with these findings. It is considered that the upregulation of serum 
cortisol level in fish can be a kind of physiological response (adjustment) against acute 
stress. 
^ • 
4.4.8 Comments on the use of HSP70, serum cortisol and serum glucose as 
biomarkers^in environmental supervision 
, 
A brief summary was presented as Fig. 4.3 to illustrate the change in level of 
HSP70, serum cortisol and serum glucose of seabream subjected to seasonal variation 
and transportation stress. According to this information, we discuss their practical use 
ofbiological stress indicators in fish. 
As a good bioindicator, firstly, it must be sensitive and responsive to the stress 
addressed in the study. From the results, HSP70, serum cortisol and glucose have 
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exhibited a corresponding positive regulation after transportation. Therefore, the use 
of these three potential bioindicator to assess the transportation stress in fish is 
possible. Since the diagnosis can be achieved by simple blood sampling procedure, it 
is both convenient and economic without sacrificing of fish. However, as these three 
parameters are sensitive to transportation stress, it can be a source of misinterpretation 
for the assessment of other stress response in fish. 
On the other hand, it is important to understand the basal level of a 
bioindicator under “natural，，conditions before we use it. From the results of our 
study, both HSP70 and serum cortisol level are independent of season. Relatively 
constant concentration of these two parameters can be found within different seasons. 
Therefore, basically, during the interpretation of results from environmental 
assessment, fluctuations in the level of these two indicators due to seasonal change can 
be neglected. Nonetheless, in HSP70, the efFect of transportation stress seems to be 
linked with the seasonal factor. That means, the seasonal factor may sometimes 
potentiate the response of HSP70 noticeably. Consideration and attention should be 
^ -
paid on the use of HSP70 as a bioindicator in fish. Better understanding on the 
mechanism ofHSP70 production is essential. For serum glucose, seasonal variation 
was observed from our results. Thus, during the estimation of net effect from a 
^ 
selected stress, the basal level in serum glucose due to natural change should be 
subtracted. 
Finally, it must be emphasized that, in this study, we have intentionally put the 
two classical stress indicators into a same picture with HSP70 in order to compare and 
contrast the indicative power of stress by HSP70. From our results, it is successful to 
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show that, when the transportation stress has triggered the increase of serum glucose 
and serum cortisol in bloodstream, the potential stress indicator HSP70 is also 
subjected to change in a specific season or month. These findings have established and 
defined truly the utility ofHSP70 as a stress indicator in fish. With the new perspective 
and feature of HSP70 explored in this study, the use of HSP70 for other stress 






The findings in this chapter on the investigation of HSP70 level in seabream 
subjected to transportation stress and seasonal variations, are both unique and 
amazing. By the ELISA technique, level ofHSP70 in blood cells from fish sampled in 
different seasons was assessed. In August (29�C)’ HSP70 level was significantly lower 
than those in autumn and winter (October; 25�C and December; 16�C). It implies a 
poor thermotoIerance of seabream in high temperature environment. This implication 
coincides with the currently high mortality and poor growth of seabream observed in 
summer. In addition, from the result of this study, the level ofHSP70 in fish is largely 
independent of seasonal variation. There was a lack of regulation in HSP70 level 
throughout the marked temperature changes in different months. For the original 
habitat of seabream should be less fluctuating and lower in temperature, it provides a 
possible explanation for the phenomenon found in our study. In this case, the genetic 
background of seabream seems to be dominant over the urge of acclimatization due to 
environmental changes. On the other hand, it is amazing to discover that, 
私 -
transportation stress induced HSP70 production in fish specifically only in August. No 
previous study can shed light on the present data. However, it is suggested that stress 
hormones may play a role in this case. In addition, oxygen deprivation in fish after , 
transportation seems to be a more possible reason to explain the specific induction of 
HSP70 in a selected season. 
Meanwhile, serum cortisol and serum glucose in seabream were analyzed. The 
seasonal variation of blood glucose may be related to the change of food and feeding 
habit. No correlation was shown between the level of circulatory cortisol and season 
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whereas blood glucose level was found to be seasonally-dependent. Concentration of 
cortisol in seabream seems to be unaffected by both environmental factors 
(photoperiod and temperature) and biological factors (reproductive cycle). On the 
other hand, a conspicuous increase in serum glucose and serum cortisol level was 
shown in post-transported fish. Such an elevation is well-known to be an adaptative 
response which allows a higher metabolic scope in fish to withstand stress. 
To conclude, all of the three physiological parameters HSP70, serum cortisol 
and serum glucose can detect transportation stress in fish. The level of both HSP70 
and serum cortisol is independent of seasonal variation. However, the potentiation of 
HSP70 induction by warmer season in fish after transportation stress was noticeable. 
Elimination of the basal serum glucose level due to seasonal fluctuation is necessary 
for the use of which as a stress indicator. All in all, the novel findings in this study 
have advanced our insight into the natural fluctuation and stress-induced regulation of 
HSP70 and other physiological parameters. This encourages the further exploration of 





In vitro and in vivo effects of adrenaline, cortisol, and 
dexamethasone on the induction ofHSP70 






Induction of HSP70 is recognized as a cellular response against stress. The 
stress-derived products such as damaged or non-native proteins are claimed to be the 
primary inducer ofHSP70 in this regard (Vollemy, 1996). However, a new proposal 
is suggested recently which has linked the regulation of HSP70 to the activity of 
neuro-endocrine system in rat. In this study, adrenocorticotrophic hormone (ACTH) 
was discovered as an inducer ofHSP70 synthesis in adrenals (Blake et al, 1991). In 
addition, production of HSP70 in vascular tissues of rat was correlated directly with 
the adrenergic response (Udelsman et al., 1992). These results have significantly 
demonstrated the plausible neuro-endocrine regulation ofHSP70. 
Up to now, no investigation has been carried out to illustrate whether a similar 
modulation mechanism of HSP70 level exists in fish. Since the upregulation of stress 
hormone such as cortisol and adrenaline is usually found in stressed fish, it is 
reasonable to consider if there is any interaction between the production of these stress 
_ -
hormones and HSP70. In this chapter, we will investigate the efFect of the stress 
hormones, cortisol and adrenaline, and of one synthetic corticosteroid dexamethasone, 
on the HSP70 production in seabream. In vitro experiments are conducted on the 
, 
isolated blood cells of seabream with the supplementation of different hormones. For 
the in vivo experiments, hormones are injected into fish consecutively for 4 to 7 days. 
Finally, blood cells and tissues such as liver and brain are sampled from the fish while 
the dynamic change of HSP70 contents in these samples are quantified. With 
reference to these data, plausible efFect and regulation mechanism of hormone on 
HSP70 synthesis in seabream are discussed. 
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5.2 Materials and Methods 
5.2.1 Overall experimental design 
In this study, effects of cortisol, dexamethasone and adrenaline on HSP70 level 
of seabream were investigated by both in vitro and in vivo experiments. For the in 
vitro experiments, blood cells were used as a model. After addition ofthese hormones 
to individual blood cell samples, changes ofHSP70 level in blood cells was revealed by 
immunoblotting analysis. In the in vivo study, seabream were injected with these 
hormones for 4 to 7 days. Fish were then sacrificed and blood cells, brain and liver 
tissue were obtained for analysis. Levels of HSP70 in samples were determined by 
ELISA technique. 
5.2.2 Acclimation of flsh and regimes of treatment 
Seabream with size around 100 g were used in this study. They were 
_ -
acclimated to 18°C in a 2-tonne tank with filtering system for 2 weeks before 
experiment. Salinity of the seawater was maintained at 33 ppt. For the in vitro 
experiment, 8 fish were sacrificed. From each fish, 1 ml of blood was sampled with , 
syringe containing 0.1 ml of 10% heparin (sodium, Sigma) in 0.85% saline. The entire 
sampling procedure was completed within 3 min. Afterward, blood sample from each 
fish was pooled together and 0.5 ml of whole blood was aliquoted into each 1.5 ml 
eppendorf tube. Consequently, blood cells were pelleted by centrifuging at 6500 rpm 
for a few seconds. Supernatant was removed and the cells were then washed with 1 
ml of methionine-free minimal essential medium (MEM(-)met; Gibco). Finally, blood 
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cells were pelleted and re-suspended in 1 ml fresh MEM(-) met for subsequent 
treatments. 
Suspension ofblood cells in eppendorf tubes were supplemented with different 
hormones. In the cortisol treatment, hydrocortisone (sodium succinate, Upjohn) was 
used. It was diluted firstly in MEM(-met) to concentration of30 ^ig/ml. A 10 ^1 of 
hydrocortisone diluent was then added into the appropriate tubes to yield a final 
concentration of 250 ngAnl hydrocortisone in each tube. For the dexamethasone and 
adrenaline treatments, similar procedures were conducted. Dexamethasone 
(phosphate; Weimer Pharma) was added into the suspension of blood cells at nominal 
concentration of 250 ngAnl. Concentration of adrenaline (bitartarate, Sigma) applied 
on blood cells were 300，3 and 0.03ng/ml respectively. Thereafter, all the tubes were 
incubated at 19°C for 1.5 h. Consequently, blood cells were washed, pelleted and re-
suspended in complete minimal essential medium (MEM(+met); Gibco). In each tube, 
supplementation of different hormones at the particular concentration was repeated as 
above accordingly. In all tubes, another 2 h incubation of blood cells at 19�C 
私 -
followed. Finally, blood cells were pelleted and lysed in 0.2 ml BUS solution by 
sonication for 1 min. All samples were then frozen in liquid nitrogen and stored at -
70°C for later immunoblotting analysis. For confirmation, the whole experiment was jf 
repeated using another batch ofblood cells obtained from different fish. 
For the in vivo experiment, 8 fish were used in each group. In different 
groups, fish were injected intra-muscuIarly with different hormones. Fish subjected to 
cortisol treatment were injected with 0.1 ml of hydrocortisone (succinate, Upjohn) at a 
dose 4 mgyTcg ofbody weight of fish. For the group treated with dexamethasone, 0.1 
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ml injection at dose 10 mg/kg of body weight of fish was administered. In the 
meantime, a sham group was run and the fish in this group were injected with 0.1 ml 
ofO.85% saline. For all these groups, injection was carried out for 7 consecutive days. 
On the other hand, experiment of in vivo adrenaline treatment was conducted. Fish in 
this group were injected with 0.1 ml of adrenaline (bitartarate, Sigma) at dose 0.5 
mg/kg of body weight of fish. Similarly, a sham group was run. For these two 
groups, injection was proceeded for 4 consecutive days. Finally, cortisol, 
dexamethasone and the corresponding sham groups injected groups of fish were killed 
24 h after the last injection. Adrenaline-injected fish and the corresponding sham 
group were sacrificed 2 hours after the last injection treatments. Brain and liver were 
obtained from individual fish and kept in eppendorf tubes. To obtain the blood cell, 
whole blood was drawn from each fish with heparinized syringe and blood cells were 
pelleted and lysed as in in vitro experiment. In addition, another 0.5 ml of whole 
blood was taken from each fish for later serum cortisol and adrenaline analysis. 
Finally, all the samples were frozen in liquid nitrogen and stored at -70°C for later 
ELISA analysis. 
^ -
5.2.3 Serum cortisol and adrenaline analysis 
, 
Quantification of cortisol and adrenaline concentration in serum of fish was 
accomplished using commercial ELISA kit (Cortisol ELISA kit; IBL，Hamburg, 
Adrenaline ELISA kit; ffiL, Hamburg). Procedure was followed as the descriptions 
provided by supplier. Details for cortisol ELISA have been described in materials and 
method, section 4.2.7.2 of Chapter 4. For adrenaline ELISA, analyte in samples were 
firstly converted to N-acylmetanephrine by AcyIation Reagent. The resultant product 
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was then quantified by a competitive ELISA method on microtiter plate. Analyte in 
samples was allowed to compete the fixed amount of antibodies with the biotinylated 
antigen in an equilibrium conditions. Finally, color of antibody bound biotinylated 
antigen complexes was visualized by the addition of Substrate Solution. Amount of 
adrenaline in samples was inversely proportional to the optical density read from plate. 
By the preparation of a standard curve with adrenaline of known concentrations, 
unknown in samples can be estimated. 
5.2.4 Protein analysis, gel electrophoresis, immunoblotting and ELISA 
analysis 
Procedures of protein analysis, gel electrophoresis, immunoblotting and ELISA 
analysis were conducted on samples as stated in the materials and methods of Chapter 






5.3.1 HSP70 level in blood cells treated with cortisol, dexamethasone and 
adrenaline in vitro 
HSP70 content in blood cells after in vitro hormone treatments was presented 
as immunoblots in Fig. 5.1a，5.2a and 5.3a. The relative optical density (Rel. OD) of 
each HSP70 band in Fig 5.1a, 5.2a and 5.3a was analysed by densitometric method 
and shown as Fig. 5.1b，5.2b and 5.3b. By and large, comparing with the control 
group, darker bands of HSP70 occurred in blood cells subjected to cortisol, 
dexamethasone and adrenaline treatment. In brief, HSP70 level was induced in blood 
cells upon the exposure to any of these three hormones. For the adrenaline treatment, 
magnitude of HSP70 induction was similar between dosage of 300 and 3 ng/ml (Fig. 
5.1a and b). At a lower dosage of 0.03 ng/ml, HSP70 content in blood cells of this 
treatment group was relatively lower. Comparing the results of cortisol-treated and 
dexamethasone-treated group, at the same dosage (250 ngAnl)， synthetic 
参 -
glucocorticoid dexamethasone performed a similar efFect on blood cells (Fig. 5.3a and 
b) as that of cortisoP administration (Fig. 5.2a and b). 
, 
5.3.2 Serum hormones and HSP70 IeveI in tissues of fish injected with cortisol, 
adrenaline and dexamethasone in vivo 
5.3.2.1 Serum cortisol and adrenaline level of fish after hormone injections 
The levels of serum cortisol and adrenaline in different groups of fish were 
shown in Table 5.1, Fig. 5.4 a and b. For the sham groups subjected to 4 or 7 days 
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saline injection, serum cortisol levels were comparable (11.8ng/ml and 11.9ng/ml 
respectively) (Table 5.1). With cortisol injection, serum cortisol level was elevated 
substantially to 172ngAnl (Fig. 5.4a). However, in the groups of fish subjected to 
dexamethasone and adrenaline injection, no obvious change in the level of serum 
cortisol was demonstrated. Circulatory level of adrenaline in fish after adrenaline 
injection was quantified and compared with that in the sham group (Table 5.1 and Fig. 
5.4b). After 4 days of administration, no significant change in serum adrenaline 
concentration was noticed in the group of fish subjected to adrenaline injection. 
5.3.2.2 HSP70 level in blood cells, brain and liver tissue of fish after hormone 
injections 
After the injection of cortisol, dexamethasone and adrenaline, HSP70 level in 
blood cells, brain and liver of fish were determined by ELISA method. Logio 
transformation was used to normalize the data. Values of logio HSP70 content in 
different treatment groups were compared and analyzed by One-Way ANOVA 
^ 
(SigmaStat software package). Results were shown as in Table 5.2, 5.3, 5.4 and Fig. 
5.5, 5.6, 5.7. . , 
(I) Level of HSP70 in blood cells of fish after hormone injections 
HSP70 levels in blood cells of fish subjected to different injection treatments 
were presented as Table 5.2 and Fig. 5.5. HSP70 levels ofblood cells in fish injected 
with cortisol (Cort) and dexamethasone (Dexa) for 7 consecutive days were compared 
with that of the sham group (S1). As shown in Table 5.2, no significant difference in 
level ofHSP70 was found among these groups of fish. However, with the injection of 
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adrenaline (Adre), a significant decrease in level ofHSP70 was elicited in blood cells 
of fish when compared with that of the sham group (S2). 
(II) Level ofHSP70 in brain tissues of fish after hormone injections 
The logio values ofHSP70 level in brain tissues were shown in Table 5.3 and 
Fig. 5.6. When comparing the level of HSP70 in brain tissues among different 
treatment groups, no statistically significant difference was found. Deviations between 
the two sham groups (S1 and S2) and among the hormone injected groups (Cort, 
Dexa and Adre) were too little to demonstrate any alteration ofHSP70 level caused by 
cortisol, dexamethasone or adrenaline injection. 
(III) Level of HSP70 in liver tissues of fish after hormone injection 
Changes of HSP70 concentration in liver tissues of fish subjected to different 
injection treatments were shown in Table 5.4 and Fig. 5.7. By comparing the logio 
HSP70 level among groups, a statistically significant difference was observed between 
sham group (S1) and cortisol injected group (Cort). Obviously, with the injection of 
和 -
cortisol for 7 consecutive days, a higher level of HSP70 was noticed in the liver of 
fish. This phenomenon was not found in the dexamethasone-injected group (Dexa). 
When comparing the adrenaline injected group (Adre) with the sham group (S2), no , 
significant difference ofHSP70 level was discovered in the liver of fish. 
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Fig. 5.1a ImmunobIot showing the HSP70 level in blood cells 
subjected to adrenaline treatment 
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Lane 1 and 2 indicate the control groups while lane 3, 4 and 5 represent the HSP70 
in blood cells treated with adrenaline at concentration of 300，3 and 0.03 ng/ml for 
1.5h respectively. 
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Bar 1 to 5 correspond to the densities of lanes 1 to 5 in Fig. 5.1a. 
The Rel. OD of sample HSP70 bands are calibrated against the 





Fig. 5.2a Immunoblot showing the HSP70 in blood cells subjected to 
cortisol treatment 
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Lane 1 and 2 indicate the control group while lane 3 represent the HSP70 in 
blood cells treated with cortisol at concentration of 250 ng/ml for 1.5 h. 





Fig. 5.1b Densitometric analysis of HSP70 content in blood cells of 
Fig. 5.1a 
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Bar 1 to 3 correspond to the densities of lanes 1 to 3 in Fig. 5.2a. The Rel. OD 
of sample HSP70 bands are calibrated against the HSP70 standard bands in 





Fig. 5.3a Immunoblot showing the HSP70 in blood cells subjected to 
dexamethasone treatment 
, --"- WKWWCT^ P：?^ ^^ ^ - » » ^ 7 ^ « f ^ „ , t,. - ^ ^ ' ‘ - - < A „ 
. . H S P T ^ * , . . . 1 
Standard �…-,:、:：：;？；… ’，，‘J 
(250ng) V>-.Vr-::'、'':'广;¥::::少二-"/:4 
_:_麵_ 
‘ .^ � ' '•: \ - / ^ .： ^ ‘ ‘ , ^^^w ', 翻麵_着霍暴^御^终1^&1^§#^參1^ &^^ 1^^^^ ?^$^!^1^ &^ _*Pi l^ i^ fe^^^^^^^^^^^^^^^^fc i^^^^^ ::;ii^ i^ i^i^ i^ps|g§^ ;^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ |^^ ^^ ^^ ^^ ^^ _^^ |f^ ^^ ^^ ^ 
.-.入，人’,:)]辟,。”'’'-:：’ :'i 
ife:^^^W! ^ ^ t e 
说 — ^ - ^ ^ ^ ^ ^ x ^ - . ^ . . * L ^ ^ i ^ ^ ^ i ^ • , ^ i ^ , ^ t i ^ T f f r - r r ^ i l N » ^ r ^ f > " - f l i f r M o A w # A f - r f f l T ^ 
Lane 1 and 2 indicate the control group while lane 3 represent the 
HSP70 in blood cells treated with dexamethasone at concentration of 
250 ng/ml for 1.5 h. 






Fig. 5.1b Densitometric analysis of HSP70 content in blood cells of 
Fig. 5.1a 
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Table 5.1 Serum cortisol and adrenaline levels in seabream after 
different injection treatments 
Serum cojtfeol Serum adrenaline 
leyeljn fish {ng/ml) !eve!infeh {Bgy^ ml) 
Sham 1 11.9±5.1 * 11.8±1.3 
(51) 
Cortisol injection 172±58 • -
(Cort) 




Adrenaline injection 10.5土1.9 14.9土4.6 
(Adre)  
_ Data are represented as means 土 SEM. 
¥ 
• the difference of serum hormone between indicated groups is statistically 
significant; One-Way ANOVA; p<0.05. , 
Page 146 








150 -- H 
100 - H 
50 - H 
* I 
rfH ^m r ~ i r**l wSM 
^ ^ ^ W > t i * A ^ i * ^ A J > V < V > V r f V w i K W W J < V / K W i V i V ^ ^ ^ ^ ^ V > W w W i l * > L , _ _ _ M i w r t f W r t V . B f t M M 8 y . V i V ^ 
S 1 Cor Dex S2 Ad 
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(7 Days) (4 Days) 
S1 indicates the sham group subjected to injection of 0.85% saline for 7 
consecutive days. S2 indicates the sham group with same saline injection 
but for only 4 consecutive days. Cor and Dex represent cortisol and 
dexamethasone injected groups respectively. The dosages for cortisol and 
^ * 
dexamethasone treatment were 4 and 10 mgyTcg ofbody weight for 7 days 
respectively. Blood sampling was conducted at 24 hours after the last 
injection^f fish. 
Ad represents the adrenaline injected group and the dosage was 0.5 mg/kg 
, ofbody weight of injection for 4 consecutive days. For these two groups, 
blood sampling was conducted 2 hours afler the last injection of fish. 
Error bars represent SEM. 
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Fig. 5.4b Serum adrenaline level in seabream subjected to saline or adrenaline 
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Sham 2 Adrenaline-
injected 
Sham 2 indicates the sham group injected with 0.85% saline for 
“ 4consecutive days. For the adrenaline treatment, dose of injection 
was 0.5 mg/kg ofbody weight. Blood sampling was conducted 2 
hours after the last injection on fish. 
Error bars represent SEM. , 
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Table 5.2 HSP70 level in blood cells of fish subjected to different injection 
treatments 
.Icgection treatment Days ofmJection HSP70level 
(ng/mgtotaJ. 
i_ protein) | 
Sham 7 lTst3.3 一 
( 0 . 8 5 % saline) 
Cortisol 7 1 2 1土 5 . 8 + 
(4 mg/kg ofbody wt.) 
Dexamethasone 7 1 1 5 ± 4 . 8 * 
(10 mg/kg ofbody wt) 
Sham 4 1 1 5 ± 3 . 0 * 
( 0 . 8 5 % saline) 
Adrenaline 4 9 6 . 9 ± 7 . 5 + 
(0.5 mg/kg of body wt)  
Data are represented as means 土 SEM. 
^ -
Symbols show the difference oflogjo HSP70 level between the indicated groups is 
statistically significant; One-Way ANOVA, p<0.05. 
, 
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Fig. 5.5 Logio HSP70 level in blood ceIIs of seabream injected with different 
hormones 
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Injection was carried out for 7 consecutive days with 
(a) 0.85% saline (S1) 
(b) Cortisol of 4 mg/kg ofbody weight (Cort) 
— (c) Dexamethasone of 10 mg/kg ofbody weight ^Dexa). 
Another two groups of fish were injected for 4 consecutive days with 
(a) 0.85% saline (S2) and 
(b) 0.5mg/kg Adrenaline (Adre). , 
Symbols show the difference oflogio HSP70 level between the indicated 
groups is statistically significant; One-Way ANOVA, p<0.05. 
Error bars represent SEM. 
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Fig. 5.3 HSP70 level in brain tissue of fish after different injection treatments 
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{ngteg total 
. protem) 
Sham 7 187±18 
(0.85% saline) 
Cortisol 7 174±4.1 
(4 mg/kg ofbody wt.) 
Dexamethasone 7 13 8 土 12 
(10 mg/kg ofbody wt) 
Sham 4 176il2 
(0.85% saline) 
Adrenalin 4 162±20 
(0.5 mg/kg ofbody wt)  






Fig. 5.6 Logio HSP70 level in brain tissue of seabream injected with different 
hormones 
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Injection was carried out for 7 consecutive days with 
(a) 0.85% saline (S1), 
’ (b) Cortisol of 4 mg/kg ofbody weight (Cort) and 
(c) Dexamethasone of 10 mg/kg ofbody weight ODexa). 
# 
Another two groups of fish were injected for 4 consecutive days with 
(a) 0.85% saline (S2) and 
身 (b) 0.5 mgy^g Adrenaline (Adre). 
Error bars represent SEM. 
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Fig. 5.4 HSP70 level in liver tissues of fish after different injection 
treatments 
Injection treatment Days of i^ec tbn HSP70 lev^l 
(tig/m^t0Ul 
• • i protem)  
Sham 7 100t7.9 * 
(0.85% saline) 
Cortisol 7 151tl9.4 • + 
(4 mg/kg ofbody wt.) 
Dexamethasone 7 77.2±3.7 + 
(10 mg/kg ofbody wt) 
Sham 4 70.1±6.2 
(0.85% saline) 
Adrenaline 4 79.3±4.9 
“ ‘ (0.5 mg/kg ofbody wt)  
多 
Data are represented as means 土 SEM. 
, Symbols show the difference ofloglO HSP70 level between the indicated groups 
is statistically significant; One-Way ANOVA, p<0.05. 
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Fig. 5.7 Logio HSP70 level in liver tissues of seabream injected with 
different hormones 
logl0HSP70 level 
2.3 1 r ^  
隱纖纖_^應^繼^_灘籙聽_饑懸繼1_1圍漏1 
2.2 - ^、 么 . 、 
1 1 ； 
. I ： 
2 . 1 ” • 
* I 
睡睡• 
2 •” j X : ^ 
1.9 - ‘ I J L , • I 
I ^ ^^ M 
'丨 i 上 • 
••»•’•  »•»•：••»»：.• •.'%•.'•.•.'• ffi H . " . % • . • . ' . ' • ' . • . % ' . ' . ,••,-’••，••••  . , . % % * . * . , . w , . , . , . - p ^ 5 5 Q 3 . * . , . , . * . . . ' 
1.8 - ' I I • 
I I ^M 
••«••,•••• ••.%'.••%•.• ! • . • . • . * . " . ' , ' . % • . % ' . • H 9 •••,•••••••••••••••••,•; !,•••••••••••••••••••••: •••••••*•••••• . * . * . * , * . * . * . * - , - , . * . * . . 2 J 5 2 5 J J J J - . . * . , . , . * . " 
.• . - .• . ' .• ••••_•»••••?»• . . •. • M f i B . ' . ' . ' . ' . ' . * . " . ' . ' . ' . ' . ; ‘ .•.•.•.*.•.• ••. • W X X K X S X W . ‘ .• .•.•.•.< 
1 Y - i * ^ i : ^ k - ^ i i Y i y , i - t & : t ^ t ^ - k K l i l l i i M S > ^ ^ ^ > - M l I f T 業 ^ j g g g a a 考 
S1 Cort Dexa S2 Adre 
Injection was carried out for 7 consecutive days with 
(a) 0.85% saline (S1), 
(b) Cortisol of 4 mg/kg ofbody weight (Cort), 
(c) Dexamethasone of 10 mg/kg ofbody weight pDexa). 
Another two groups of fish were injected for 4 consecutive days with 
(a) 0.85% saline (S2) and 
’ (b) 0.5 mg/kg Adrenaline (Adre). 
Symbols show the difference ofloglO HSP70 level between the indicated 
groups is statistically significant; One-Way ANOVA, p<0.05. 
身 Error bars represent SEM. 
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Table. 5.5 Summary of the effects of in vitro and in vivo hormonal 
treatments on HSP70 levels in seabream 
In vitro experiment In vivo experiment 
|. . Coft ……Pexa ::.:……AdfS^ . Cort .. 'D^a ““…Adr<T^ 
Blood + + ~ + ^ ' ~ T " " / “ 
cells  
"Bram ND ND ND 7 7 7 
tissues 
T K ^ ND ND ND + 7 7 
tissues  
In the in vitro or in vivo experiments, level ofHSP70 in blood cells, brain and 
liver tissues of fish was assessed and compared with that of the sham group. 
Types ofhormonal treatments are represented by abbreviation as follows: 
Cort=cortisol; Dexa=dexamethasone; Adre=adrenaline 
Note: "+" sign indicates the up-regulation ofHSP70 level in this tissue 
after treatment. 
“-，，denotes the down-regulation ofHSP70 level in this tissue after 
treatment. 
* - -
"/" sign indicates the level ofHSP70 in this tissue after remains 
,unchanged after treatment. 
"ND" means no measurement was made on this tissue , 
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5.4 Discussions 
Relationship between the cellular stress response and the neural-endocrine 
activity in higher vertebrates has been recently suggested. Regulation ofHSP level is 
considered as one of the adaptive physiological adjustment in rats (Blake et al., 1991)， 
and has been considered in parallel to hormonal regulation of serum glucose (Munck et 
al., 1984). Upon encountering stressful conditions, the homeostatic regulation of 
HSP70 level can be accomplished through the mediation of stress hormone(s) 
(Udelsman et al., 1993). However, interaction between HSP70 production and 
mechanism of hormonal and neural control, is extremely complicated while the 
relevant information is largely unknown. It is an innovative idea to correlate the 
possible modulation of HSP70 synthesis by hormones since the classical inducer of 
HSP70 such as damaged tissue or denatured proteins (Vollemy, 1996) are not 
involved in this putative mechanism. Both in vitro and in vivo experiments are 
presented to substantiate the above postulation. Since the present study is the first 
biological evidence which postulates the potential hormonal control of HSP70 *--
production in fish, the findings in our study can provide amazing insight in this aspect. 
-
5.4.1 In vitro and in vivo study of the hormonal effect on HSP70 level in blood 
, 
cells of seabream 
The stress response and seasonal change of HSP70 level in blood cells of 
seabream has been demonstrated in Chapter 3 and 4 respectively. It is interesting to 
investigate the physiological mechanism of HSP70 induction in blood cells. In our 
study, supplementation of cortisol and adrenaline has elevated HSP70 level in blood 
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cells while the synthetic glucocorticoid dexamethasone exhibited also a similar effect 
^*ig. 5.1, 5.2 and 5.3). In this in vitro study, theoretically, the induction response of 
HSP70 in blood cells should have simulated the conditions in the in vivo conditions. 
The concentration of cortisol applied to blood cells was 250 ng/ml. It is close to the 
physiological level of circulatory cortisol in fish after stress (Gamperl et al., 1994), or 
the titer in fish after cortisol injection in our in vivo experiment (see the next section). 
For the administration of adrenaline to blood cells, magnitude ofHSP70 induction was 
comparable between dosage of300 ng and 3 ngAnl (i.e. 100 mM and 10 mM) (Fig. 
5.1a and b). Since the circulatory level of adrenaline found in fish post-stress usually 
exceeds 300 nM (Gamperl et al, 1994), the concentration of adrenaline that we used 
should be supraphysiological to the blood cells. Within this range of concentration, a 
dose-independent pattern of adrenaline action was displayed. The use of lower dosage 
in adrenaline treatment (0.1 i^M) demonstrated the HSP70 induction in a less intense 
pattern. This may implicate the existing of dose-response relationship between 
adrenaline and HSP70 production in blood cells. 
^ 
From our results, in vitro induction ofHSP70 in blood cells by dexamethasone 
seems to coincide with that of the cortisol. Dexamethasone is known as a strong 
glucocorticoid which has a cortisol-like structure. Its potency is 25 times more , 
effective in glucocorticoid action than cortisol (Ganong, 1993). Thus, it is an amazing 
investigation if we lower the dose of dexamethasone on blood cells treatment to one-
tenth or one-twentieth of the threshold concentration of cortisol for HSP70 induction. 
Fundamentally, effects that can be triggered by cortisol, such as hyperglycemia, 
decrease of corticotrophic releasing factor (CRF) in hypothalamus and adreno-
corticotrophic hormone (ACTH) secretion in pituitary are also triggered by 
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dexamethasone (Gamperl et al., 1994). It is believed that dexamethasone can compete 
with cortisol for the glucocorticoid receptor (GR) and the use ofit as a replacement of 
cortisol in animals has been documented (Udelsman et al., 1993). Results in our 
present study have fulfilled the description on the characteristics of dexamethasone 
stated above. 
In simple words, our findings have implied the possibility that both cortisol, 
adrenaline and the synthetic glucocorticoid dexamethasone can elicit the production of 
HSP70 in blood cells. With the presence of merely hormone, cellular response of 
isolated blood cells can be readily triggered. Mediation of HSP70 synthesis in blood 
cells are plausibly modulated by some “sensors” on cells. The putative sensors can 
receive the stimulation from the hormone, such as cortisol, corticosteroid agonist or 
adrenaline. Through this mechanism, the presence of hormone can be detected and 
thus HSP70 induction can be elicited. Since HSP70 production is usually coupled 
with the up-regulation of stress hormones such as cortisol and adrenaline, a 
relationship between the regulation of HSP70 level and the level of stress hormones 
^ 
thus seems conceivable. 
^ 
5.4.2 Hypothetical mechanism of hormone-receptor mediated HSP70 , 
regulation 
Up to now, the mediation of HSP70 regulation by neuro-hormonal axis in fish 
has not been reported yet. According to the present data, a brand new hypothesis can 
be deduced. It is suspected that the regulation ofHSP70 level can be mediated by the 
interactions between a suite of existing hormonal receptors on cells with their Iigands. 
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Cortisol-binding receptor or glucocorticoid receptor (GR) and P-adrenoreceptors are 
suggested to be the two main receptors involved in this mechanism. Presence ofthese 
two receptors in the erythrocytes and hepatocytes of rainbow trout has been weH 
documented (Pottinger, 1990; Reid and Perry, 1991; Perry et a!., 1996). By the 
process of binding with their ligands (cortisol or catecholamine), a signal can be 
transduced in cells through a specific pathway (Guizouarn et al., 1993). Subsequently, 
the physiological response of cells can be elicited. Examples of these physiological 
responses include the regulation of haemoglobin oxygen-affinity (Claireaux et al., 
1988) and NaVtT antiporter activity (Fievet et al., 1990). Adjustment of these 
physiological activities are inevitably significant as a compensatory response of fish 
upon stress. Since the responsiveness of cells to the modulating hormone is directly 
proportional to the existing numbers and binding affinity of receptors, change of 
receptor population on cell can readily alter the physiology input and thus output of 
cells. The present study has shown that the regulation ofHSP70 level in cells is one of 
the hormonally-mediated physiological activities. By the regulation of hormonal level 
and the properties of receptors on cells, synthesis ofHSP70 can be modulated. 
*--
In our study, elevation of HSP70 was noticed in blood cells subjected to acute 
(1.5 h), in vitro cortisol, dexamethasone and adrenaline treatment (Fig. 5.1, 5.2 and 
, 
5.3). According to our hypothesis, these induction responses may be mediated by both 
the cortisol-binding receptor and P-adrenoreceptors present on blood cell surface. 
Excluding the unknown and un-estimated factor(s), supplemented hormone in each 
treatment should be the only modulator of HSP70 induction in blood cells. However, 
the intriguing factor such as hypoxia in in vitro treatment may contribute also a 
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significant effect in our putative regulation mechanism. Such kinds of underlying 
effects have not been considered in our in vitro study. 
5.4.3 In vivo study of the hormonal effect on HSP70 level in bIood cells of 
seabream 
Results in the in vivo experiment, however, is contradictory to what we found 
in the in vitro study. Referring to our data, no induction ofHSP70 was found in blood 
cells of fish injected chronically with cortisol or dexamethasone (7 days) (Table 5.2 
and Fig. 5.5). In addition, a significant decline ofHSP70 level was noticed in blood 
cells of fish subjected to consecutive adrenaline injection (4 days) (Table 5.2 and Fig. 
5.5). These different results observed in in vitro and in vivo studies cannot be caused 
by invalid administration of hormones in fish. In our experiments, there is a sharp 
elevation of serum cortisol concentration in fish 24 hours after the last injection of 
cortisol (Table 5.1 and Fig. 5.4a). No significant fluctuation of circulatory cortisol 
level was found in fish injected with either dexamethasone or adrenaline. Though the 
^ 
serum adrenaline level in the adrenaline injected fish is not significantly different from 
that in the corresponding sham group (Table 5.1 and Fig. 5.4b)，reports on the rapid 
adrenaline metabolism in fish after similar injection treatment can justify this (Gamperl , 
et al, 1994). Half-life of adrenaline titre has been documented to be as short as 10 
min after injection fNekvasil and Olson, 1986). As the sampling of blood was 
performed 2 hours after the last adrenaline injection, recovery of adrenaline 
concentration to a baseline titre in this group of fish thus seems reasonable. However, 
the underlying factors which govern such a distinctive response ofHSP70 synthesis in 
response to hormonal injection in fish is difficult to explain by established theory. 
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It is interesting to note that the chronically elevated level of stress hormones 
such as cortisol and adrenaline can regulate the population of their receptors (Perry et 
cd., 1996). With the chronic elevation of circulatory cortisol level (10-13 days), 
increase of internal cytosolic pool of P-adrenoreceptors in erythrocytes was observed 
in rainbow trout OReid and Perry, 1991). Conversely, at a chronic and elevated level of 
catecholamines (48 hours or 7 days), decline in the numbers of P-adrenoreceptors on 
blood cells was observed (Gilmour et al., 1994). Little is known about the cortisol-
binding receptors in blood cells of fish, however, down-regulation of cortisol-binding 
receptors on hepatocytes of rainbow trout was demonstrated in the presence of a high 
cortisol level (Pottinger, 1990). 
The apparently anomalous observations in our in vivo study can be explained 
by the hypothetical mechanism of HSP70 regulation proposed above. Decline of 
HSP70 level in blood cells of adrenaline-injected fish may be contributed by the 
chronic elevation of circulatory adrenaline titer in fish. Through this mechanism, the 
P-adrenoreceptors on blood cells surface could be down-regulated. It resulted in ^. 
diminished adrenergic-responsiveness and supposedly, the decline of HSP70 
production in cells/ The elevated adrenaline level in fish may increase, if any, the 
numbers ofcortisol-binding receptors of erythrocytes, and thus the induction response , 
of HSP70. (see Table 5.6 for the summary of the hypothetical regulatory mechanism 
proposed). However, our results have demonstrated that the down-regulation of 
adrenergic response on blood cells has offset the plausible positive modulation effect 
caused by the increase ofcortisol-binding receptor number. 
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For the cortisol-injected fish, HSP70 content in the blood cells has remained 
unchanged. These results may illustrate the cancellation of HSP70 modulation effect 
in cells between the up-regulation of adrenergic-mediated response and the down-
reguIation of cortisol-mediated response. In the case of dexamethasone treatment, a 
similar result was found as that in cortisol treatment. This implied a glucocorticoid-
like effect of dexamethasone on the receptors ofblood cells. 
In conclusion, the putative adrenergic-mediated induction of HSP70 in cells 
seems to be dominant over the cortisol-mediated effect. It is because the marked 
adrenergic down-regulation ofHSP70 level in blood cells can produce a net decline in 
HSP70 level despite the stimulatory effect of cortisol on HSP70 production. From 
these implication, the adrenergic-mediated HSP70 induction in blood cells should be 
more important than that of the cortisol-mediated induction response. 
By and large, there are only few investigations on cortisol-binding receptor of 
blood cells. Cortisol-binding receptors have been found indirectly in the erythrocytes 
私 
of rainbow trout (Pottinger, 1990). We do not know which receptor, p-
adrenoreceptors or-GR plays a more important role in our hypothetical induction 
mechanism. However, more studies have addressed the importance of adrenergic-, 
mediated response in erythrocytes of fish. It is conceivable since adrenaline is 
documented to play an important role in blood cells of fish during stress adaptation. In 
the rat, HSP70 regulation in vascular tissue is directly modulated by adrenergic 
receptors (Udelsman et al, 1993). Thus, it is reasonable to correlate the relationship 
between HSP70 induction with the adrenergic response in blood cells. Possibly, the 
constitutive HSP70 level in higher vertebrates is maintained by a balanced circulatory 
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level of some hormones or hormone-like "modulator". Regulation ofHSP70 in cells 
may be elicited once the fluctuation of these modulators contents in organisms 
occurred. Not just up-regulation, but also down-regulation ofHSP70 in blood cells is 
controlled upon the alternation ofhormone level such as adrenaline in fish. 
All in all, the responses ofblood cells upon the exposure to hormone in in vitro 
and in vivo studies are obviously different. Nonetheless, the difference may be caused 
by some underlying mechanism(s) that we do not know. The situation is more 
complicated if we consider the interaction with the other physiological regulation in 
fish. The hypothesis of receptor-mediated induction of HSP70 proposed in this 
discussion is merely one of the implication which may be partially interpreted through 
the factual relationship between hormonal modulation and stress response in fish. 
Further investigation is essential to justify and supplement the supposition above. 
5.4.4 In vivo study on the hormonal effect of HSP70 synthesis in liver of 
seabream 
^ -
From the results of our present study, fish subjected to chronic cortisol 
injection (7 days) showed a statistically significant elevation of HSP70 level in liver , 
tissues (Table 5.4 and Fig. 5.7). Again, this phenomenon can be explained by the 
hypothetical hormone-receptors mediated HSP70 induction mechanism proposed 
above. With the injection of cortisol, an elevated circulatory cortisol titer persisted in 
fish within 7 days of the injection treatment period (172±58 ng/ml) (Table 5.1). In 
response to the sustained high cortisol concentration, the number of P-adrenoreceptors 
on surface of hepatocytes may be increased. Thus, the adrenergic responsiveness of 
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liver cells can be enhanced. In tum, the plausible induction of HSP70 may be 
triggered. Elevation of P-adrenoreceptors has been reported in a previous study on 
fish after the chronic injection of cortisol for 11-12 days (Reid et al., 1992). 
On the other hand, the down-regulation of cortisol-binding receptors has also 
been reported in the liver cells of rainbow trout upon 48 hours or longer confinement 
stress (Pottinger, 1990). By dexamethasone injection, a much stronger corresponding 
effect has been demonstrated on the hepatocytes of rats. (Svec, 1988). Regarding our 
present results, obviously, the HSP70 induction effect of cortisol is not shared by the 
synthetic glucocorticoid dexamethasone. In this case, the effect of cortisol is highly 
specific. Again, the adrenergic response in hepatocytes of fish may contribute a more 
effective regulation of HSP70 in cells. Nonetheless, mechanism of how cortisol can 
trigger such a change on P-adrenoreceptor numbers but not by dexamethasone is still 
unknown. 
For the adrenaline-injected fish, no significant induction of HSP70 can be 
^ 
observed (Table 5.4 and Fig. 5.7). Since the action of adrenaline on the receptors of 
hepatocytes has not been reported, whether the P-adrenoreceptors, cortisol-binding 
receptors or both of them are responsive to the high level adrenaline is difficult to , 
speculate. By and large, in our present data, there is little or no induction response of 
HSP70 in liver tissues of fish administered with adrenaline. 
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5.4.5 In vivo study on the hormonal effect ofHSP70 synthesis in brain tissues of 
seabream 
Referring to our findings, no significant change in HSP70 content was found in 
brain tissues of fish among different treatment groups (Table 5.3 and Fig. 5.6). 
Indeed, the presence of cortisol-binding receptors has been documented in the brain of 
rats (Sapolsky et al., 1984). In addition, an induced expression of HSP70 has been 
shown specifically on the hypothalamic regions of brain associated with the neuro-
endocrine response in rats upon hyperthermic stress (Blake et al., 1990). These 
include paraventricular and dorsomedial hypothalamic nuclei where ACTH is 
produced. Besides, a reduction in the number of cortisol-binding receptors was elicited 
in the hippocampus but not other parts of rat subjected to sustained cortisol elevation 
treatment (Sapolsky etal., 1984). This has lent support to the significance of cortisol-
binding receptors in the brain in relation to the neuro-endocrine regulation of the 
hippocampus. The further establishment of feedback control by circulating 
glucocorticoid level on the regulation of HSP70 level may plausibly illustrate the 
和 -
relationship among neural-, hormonal- regulatory systems and stress protein synthesis 
in brain upon physialogical stress. 
M 
Information about the corresponding regulation mechanism in fish is not 
available. It is still an unknown if there are any analogous receptors in brain tissues of 
fish which perform similar interactions with cortisol and adrenaline. Nonetheless, the 
insensitivity of brain to the hormonal exposure shown in our study may be correlated 
with the high constitutive content ofHSP70 in this tissue. 
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5.4.6 HSP70 level in different tissues of fish in relation to its induction and 
sensitivity against stress 
Comparing the HSP70 level in the tissues of fish in the sham group, brain 
tissue had the most abundant HSP70 content (175il2 ng/mg and 187±18 ngAng of 
total protein for 4 days and 7 days saline injection respectively) (Table 5.3). Blood 
cells had an intermediate level (115±3.0 ng/mg and 118±3.3 ng/mg oftotaI protein for 
4 days and 7 days saline injection respectively) (Table 5.2) while liver tissue had the 
least (70.1±6.2 ng/mg and 100士7.9 ngAng of total protein for 4 days and 7 days saline 
injection respectively) (Table 5.4). These findings are in accordance with previous 
reports that the constitutive level of HSP70 in neural tissues such as brain was 
comparatively higher than that in the non-neural tissue including liver and heart 
(Manzerra et al., 1997). From this study, apart from the availability of approximate 
HSP70 contents in different tissues, it projects also the plausible perspective on the 
sensitivity of stress response in these tissues. 
^ -
In a previous study, expression of HSP70 in the hyperthermic-stressed rabbit 
was examined (Manzerra et al., 1997). A lower induction level was observed in its 
brain comparing with that in the non-neural tissues. Relatively higher constitutive , 
HSP70 level in rabbit brain has been suggested as a reason for such phenomenon. 
According to our study, HSP70 level in brain tissue was the highest when compared 
with those in the blood cells and liver tissues. It is expected that a similar finding 
should be demonstrated in our experiments. Referring to our results, HSP70 content 
in brain tissues did not change with the different injection treatments (Table 5.3 and 
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Fig. 5.6). Thus, it is supposed that brain tissues is less responsive to the effect of 
hormone administration than the other tissues. This can be explained by the presence 
of abundant heat shock cognate in brain tissue which is sufficient to withstand acute 
external perturbations. Since the pre-existing pool ofHSP70 in cells can govern and 
determine the “set-point，，or thresholds ofits induction (Craig and Gross, 1991; Baler, 
et al, 1992; Vollemy, 1996)，a higher level ofHSP70 in brain implicated a relatively 
higher dose of stress is necessary to trigger the HSP70 synthesis. Thus, HSP70 level in 
this tissue is less sensitive to change. 
To conclude, the HSP70 production in blood cells is sensitive to the in vitro 
supplementation of cortisol, corticosteroid agonist dexamethasone and adrenaline. 
Surprisingly, a different picture has been displayed in the in vivo study while the 
induction response of HSP70 appears selectively only in some tissues. It is much 
difficult to explain why HSP70 level declines in blood cells of fish injected chronically 
with adrenaline. The proposed hypothesis of HSP70 regulation in relation to the 
hormone-receptor mediation may provide an explanation for this phenomenon to a 
_ -
certain extent. But, it still cannot illustrate the full picture about the relationship 
between HSP70 and stress hormones. Further investigation on this topics is 
meaningful. Rather than the classical inducer of non-native proteins, another , 
mechanism of HSP70 regulation in organism modulated by stress hormones may be 
discovered. It favours both the better understanding of stress response in organisms 
and also the development and application of HSP70 as a bioindicator to assess the 
stress response in fish. 
Page 167 
Table 5.6 Summary on the hypothetical regulatory mechanism of HSP70 
synthesis by the putative hormonal-receptor mediation 
Increase of Adrenaline Increase of Cortisol  
level level  
P adrenoreceptor 
numbers on 去 • 
cells surfaces • 
Physiological 
responsiveness \ • 
and output of • 
cells 
Speculative 丨 • 
change of w A 







Studies on the relationship between HSP70 induction response in tissues of fish 
in response to different hormonal treatments are just preliminary. A mechanism of 
HSP70 induction in relation to hormone-receptor interaction has been proposed in this 
study. In the in vitro study, supplementation of cortisol, synthetic corticosteroid 
dexamethasone and adrenaline increased the level of HSP70 in blood cells 
significantly. However, in the in vivo study, HSP70 content in blood cells of fish 
injected with cortisol and dexamethasone remained unchanged. In addition, with the 
injection of adrenaline, HSP70 level in blood cells of the fish decreased substantially. 
It is difficult to interpret our findings with the existing information provided from 
previous studies. According to our present results, a new hypothesis is suggested. It 
is proposed that the mechanism of HSP70 regulation is mediated by hormone-
receptors interaction. Cortisol-binding receptors and/or P-adrenoreceptors are 
involved in this hypothetical mechanism. Referring to the previous reports, with a 
chronically elevated adrenaline level, the P-adrenoreceptors on blood cells and 
令 ‘ 
hepatocytes of fish will be decreased. The situation is reversed if an elevated cortisol 
level persisted in frsh. According to these evidences, if the regulation of HSP70 
synthesis is mediated by these receptors, then alteration of the numbers of receptors by , 
elevated level of stress hormones may affect HSP70 production. Therefore, it is 
suggested that the lowering of HSP70 level in blood cells of fish injected chronically 
with adrenaline is caused by the decline of P-adrenoreceptors on blood cell surface. 
Since hypoxic condition is a pre-requisite for the increase of P-adrenoreceptors on 
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erythrocytes, it may help to explain why the induction response only appears in blood 
cells treated with cortisol in vitro but not in vivo. 
With the injection of cortisol, HSP70 level in liver of fish increased 
significantly. It may be caused by the increase in population of P-adrenoreceptors in 
hepatocytes which was triggered by chronically high cortisol level in fish. Injection of 
dexamethasone failed to exhibit a similar effect in liver of fish. The discordance of 
inducing effect on HSP70 level by the two glucocorticoids may implicate specificity of 
cortisol in the regulatory mechanism of HSP70. No significant difference in HSP70 
was found in brain tissue of fish after injection of different hormones. The reason for 
this phenomenon is not known. However, the higher constitutive level of HSP70 in 
brain than that in blood cells and liver may explain these results. 
All in all, the putative mechanism we suggested is just a speculation on the 
relationship between stress hormones and mechanism of HSP70 regulation. From 
previous reports, a relationship between the neuro-endocrine axis (ACTH and 
和 -
adrenergic response) and HSP70 expression in rats has been documented. It is not 
known if such a mechanism also occurs in fish. For one thing we can confirm in this 
study is that, cortisol, dexamethasone and adrenaline can alter the HSP70 level in , 
different tissues of fish. And, there must be something different between the in vitro 
and in vivo systems which contributes to the opposing results. The underlying 









Chapter 6: Summary 
This thesis focused attention on HSP70 induction in seabream, Sparus sarba. 
For a better understanding ofHSP70 production in fish, characterization ofheat shock 
response was investigated in the first place. A constitutive level ofHSP70 was found 
in blood cells of seabream under "normal conditions”. Induction response was 
successfully triggered by transient hyperthermic stress treatment. Threshold induction 
temperature ofHSP70 in blood cells of seabream was 32°C. This temperature was not 
altered by the acclimation temperature of fish. Neither cold-shock nor temperatures 
lower than 32�C could exert any effect on HSP70 induction. Besides, the induction 
response was independent of the temperature difference imposed. All these findings 
imply the specificity of heat shock response in blood cells of fish. HSP70 induction 
was correlated only with its thermal tolerance limit (possibly defaulted by genetic 
information). The induction response was more readily observed upon heat stress and 
less readily with cold stress. These results were in accordance with that in in vivo 
study. Thus, the use of blood cells instead of whole fish as a model for stress 
<^  -
challenge was recommended. Further, by the investigation with actinomycin D, 
regulation of HSP70 production was demonstrated to be controlled under 
/ 
transcriptional regulation. This has advanced our understanding of the control of , 
HSP70 synthesis in a molecular level. 
For the sake of defining the possible seasonal variation of HSP70, fish were 
sampled from August of 1996 to February of 1997. Serum glucose and cortisol were 
measured in parallel with the HSP70 content in blood cells. HSP70 level in blood cells 
did not exhibit a clear seasonal fluctuation though a relatively lower content was found 
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in fish sampled in August. Serum cortisol behaved more or less similar to HSP70. 
However, a seasonally-dependent change was discovered in serum glucose level of 
fish. This could be related to the change in nutritional status and carbohydrate storage 
in different seasons. HSP70 level, serum glucose and serum cortisol were elevated by 
transportation stress. This is the first report of the existence of a relationship between 
HSP70 induction and transportation stress in fish. However, it is not fully understand 
why this response only occurred in August (29�C) but not in cooler months. While 
mediation by stress hormones such as adrenaline and cortisol is one of the possibilities, 
oxygen deprivation may be further aggravated in summer and this may give rise to a 
more readily inducible HSP response. All in all, the present results in this study have 
shown that the HSP70 level in fish was seasonally-independent. This characteristic 
enables the use of HSP70 as a biomarker in environmental supervision without the 
necessity to consider the natural fluctuation of basal HSP levels. However, care must 
be taken during stress assessment to ascertain if there is any possibility of potentiated 
HSP70 induction upon a warmer season. 
^ -
From the results of the last Chapter in this thesis, a relationship between 
HSP70 regulation and the neuro-endocrine axis was proposed. Content of HSP70 in 
blood cells was elevated noticeably in the presence of cortisol, dexamethasone or 
j0 
adrenaline in vitro. This finding reveals a new relationship between modulation of 
HSP70 and stress hormones in fish. The apparent anomalous results in our in vivo 
hormone injection study have led to the deduction of a putative hormone-receptor 
mediation mechanism. It is known that a chronic elevation of cortisol and adrenaline 
level can actively alter the numbers of receptors and thus the adrenergic- and cortisoI-
responsiveness of cells. HSP70 production is hypothesized to be modulated by the 
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concentration of stress hormone cortisol and adrenaline in this pattern. However, the 
exact mechanism of hormone-mediated HSP70 regulation is not known and the 
further investigations are required to illustrate the scenario of their interactions upon 
physiological adaptation to stress. 
Apart from the acquisition of new information about HSP70 induction in fish, 
the present thesis also described new development in experimentation techniques. A 
modified direct ELISA method was developed for the estimation of HSP70 
concentration in biological samples. Both the precise and the concrete amount of 
HSP70 could be quantified by this technique. Also, from the results of these studies, 
isolated blood cells instead of the whole fish has been suggested as an ideal model in 
some stress experiment. To conclude, novel findings regarding HSP70 induction and 
the application of these experimentation techniques have favored the further 
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